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Quinag lute 5:135 
emn gluconate) 5 gr (0:33 Gm) 


helps assure continued success. 





Maintains normal sinus rhythm... 

avoids ‘peaks and valleys’ 

Quinaglute Dura-Tabs help maintain 
normal sinus rhythm following conversion 
by other techniques. They provide effective 
day-long and night-long therapeutic 
quinidine plasma levels while minimizing 
fluctuations that may encourage 
development of ectopic rhythms. Thus, 
Quinaglute helps avoid ‘peaks and 
valleys — particularly important in the 
critical overnight period when 

sharp drops may precipitate reversion. 





Indications: For the prevention of premature atrial, nodal 
or ventricular contractions. For maintenance oí normal sinus 
rhythm following conversion by other techniques of atrial, nodal 
or ventricular tachycardia, atrial flutter and fibrillation 
(paroxysmal or chronic). 

Contraindications: Same as for other forms of quinidine, 


including partial A-V or complete heart block; intraventricular con- 


duction defects, especially marked QRS widening; sensitivity 


to quinidine; renal disease with significant azotemia; development 


of cardiotoxic effects (conduction defects or ventricular 
premature beats, ventricular tachycardia, or flutter) while taking 
the drug; marked cardiac enlargement with congestive 
failure; poor renal function with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, 
e.g., febrile reactions, skin eruptions, thrombocytopenic purpura, 
and respiratory embarrassment, administer preliminary test 
dose of single tablet of quinidine sulfate. Use extreme caution 
in patients with severe heart disease, congestive heart failure, 
digitalis intoxication, renal insufficiency. Administer cautiously, 
if at all, to senile patients. Hospitalization (for close observation, 
ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting 
increased risk. With the dosage regimen (see "Dosage") of 
2 tablets every 8 hours, higher blood levels than necessary 
for maintenance of normal sinus rhythm could be reached, 
whereas with 1 tablet every 12 hours, the blood levels may 
be too low to maintain normal sinus rhythm. Should not be 
used during pregnancy. 


Adverse reactions: Instruct patients to report any symptoms 


of cinchonism at once (including tinnitus, decreased auditory acuity, 
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Well tolerated E 
Quinaglute Dura-Tabs are well tolerated e 


with few gastrointestinal disturbances. a 
Patient cooperation, so important to your over- E 
all medical regimen, is thereby enhancee 


Provides convenient dosage schedule 
Quinaglute Dura-Tabs are designed 

to maintain normal sinus rhythm with a 
convenient dosage schedule of 

8 or 12 hour intervals. Dosage is easy tore- 
member and can often be adjusted so 

as not to interfere with the patient's sleep. 


vertigo, blurred vision, color perception disturbances, 
photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be 
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discontinued immediately if such symptoms or evidence of A 
hypotension occur. If gastrointestinal disturbances (rarely Es 
reported) occur, they may be minimized by administering the E 
drug with food, or if they persist, dosage should be decreased. D | 
Dosage: The dosage varies considerably depending upon ae (d 
the general condition and cardiovascular state of the patient. E^ 
The quantity and frequency of administration must be determined TM 
for each patient. For the prevention of premature atrial, nodal DE 
or ventricular contractions, the dose usually ranges from 1 to 2 4 id 
tablets every 8 or 12 hours. For maintenance of normal sinus TEM 
rhythm following conversion by other techniques of atrial 3 
fibrillation, tachycardia or flutter, 2 tablets every 12 hours or ! 
112-2 tablets every 8 hours are usually required. The a 
occasional patient may be maintained in normal rhythm on a = 


dosage of 1 tablet every 12 or 8 hours. Occasionally larger 

or more frequent dosage may be required, but such increases T 
should be used only after thorough evaluation of the a 
patient, including serial electrocardiograms and determination 
of plasma quinidine levels. The ideal dosage is the minimum 
amount of total dose and frequency of daily administration that ^ 
will prevent premature contractions, paroxysmal tachycardias, . E. 
and maintain normal sinus rhythm. vag 

Supplied: Bottles of 30, 100 and 250 tablets. 
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Confirms the value of-talwin 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse effects 


In postoperative patients: less circulatory depression 
with Talwin 

In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 patients 
receiving morphine; in 5.4% of 168 patients receiving 
Talwin.! 


..and in other patients: less respiratory and circulatory 

depression with Talwin 
In a double-blind study of 3 narcotic analgesics and 

Talwin in 118* patients with suspected acute myocardial 
infarction, Talwin caused a significantly lower incidence 
in the fall of systolic blood pressure than the 3 narcotics 
when the initial pressure was 120 mm. Hg or highe Pinme 
Unlike the narcotics, Talwin caused a statisticaJly 
significant rise in the systolic blood pressure.of patients 
with initial pressures of less than 120.2 


In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear that 
pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” 3 


..and less of other adverse effects associated with 
HE Tele) e DE LIS [5:1 [03 
Compared to morphine, Talwin is relatively free from 
urinary retention and constipation. 


Is less likely to cause nausea, vomiting and diaphore 
sisthan meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths —all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to patients’ 
needs throughout the course of therapy. Most 
studies indicate thàåt the higher dosage strengths 
produce little, if any, increase in the incidence of 
adverse reactions. 





References: 1. Wallace, George: Int. Surg. 53:135, Feb. 1970. 
2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 
3. Davie, |. et al.: Brit. J. Anaesth. 42:113, Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 
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Injectable Salwin* "mE 
Brand of pentazocine i iacta 1 
° wanes to analgesic efficacy has not 
been observed 
* not subject to narcotiq controls 
Contraindications: Talwin should not be ad- 
ministered to patients who' are hypersensitive 
to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevating 
cerebrospinal fluid pressure may be markedly 
exaggerated in the presence of head injury, 
other intracranial lesions, or a preexisting 
increase in intracranial pressure. Furthermore, 
Talwin can produce effects which may obscure 
the clinical course of patients with head in- 
juries. In such patients, Talwin must be used 
with extreme caution and only if its use is 
deemed essential. 
Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been 
established. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
_ tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
` hazards. Patients receiving Talwin during labor 
iere nced no adverse effects other than 
tho cur with commonly used anal- 
gesics. Talwin\should be used with caution in 
women deliverimg- premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
‘than minor difficulty has been encountered, 
- reinstitution of parenteral Talwin with gradual 
| withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
— cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-ad- 
ministered, the physician should take precau- 
tions to avoid increases in dose and frequency 
of injection by the patient and to prevent the 
use of the drug in anticipation of pain rather 
than for the relief of pain. 
Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is rein- 
stituted it should be done with caution since 
- the acute CNS manifestations may recur. 
Usage in Children. Because clinical experience 
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Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Ta!win 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehension, 
anxiety, dizziness, sleepiness) from the usual 
Clinical dose, and may be the result of de- 
creased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with cautiom in patients with 
myocardial Infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the 
sphincter of Oddi, the drug should be used with 
caution in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly oc- 
Curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gas- 
trointestinal: taste alteration, diar- 
rhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, 
miosis; other: tachycardia, nodules 
and ulceration at injection site, 
weakness or faintness, chills, mod- 
erate transient eosinophilia, aller- 
gic reactions including edema of 
the face. 





Bran 


pentazocine 
as lactat 
in the hospital 


See Acute CN Manifestations and. Drug T 
pendence under WARNINGS. - 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in excess 
of 30 mg. intravenously or 60 mg. intramuscu- 
larly or subcutaneously are not recommended. 
Total daily dosage should not exceed 360 mg. 
As with most parenteral drugs, when frequent 
daily injections are needed over a prolonged 
period, intramuscular administration is prefer- 
able to subcutaneous. In addition, constant $o- 
tation of injection sites (e.g., thetipper outer 
quadrants of the buttocks, mid-lateral aspects 
of the thighs, and the deltoid areas) is recom- 
mended, 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may 
be given two or three times at two- to three- 
hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. If naloxone is not 
available, parenteral administration of the ana- 
leptic, methylphenidate (Ritalin®), may be of 
value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.), 1% ml. 
(45 mg.), and 2 ml. (60 mg.), each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. sodium 
chloride, in water for injection. Boxes of 10, 
25, and 100. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 


(Winthrop) 
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Helps relieve excessive anxiety 
that may accompany cardiac 
disease and impede recovery... 


prompt onset of action — usually 
within 15-30 minutes... 


may be used concurrently with 
digitalis... 


oe hypotensive reactions 
||. — are uncommon; hepatic or 
i J hematopoietic toxicity has not 
been reported with 
recommended dosage... 


although occasional drowsiness 
has been reported, mental 
alertness is seldom impaired... 


by relieving excessive 
anxiety, an h.s. dose 
-helps encourage restful sleep. 
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A CALMER OUTLOOK... 


WHEN YOUR FINDING 
IS EXCESSIVE ANXIETY 


(HYDROXYZINE 
PAMOATE) 


Vistar 


25 mg., 50 mg., 100 mg. capsules 
THE UNCOMPLICATED CALM 





BRIEF SUMMARY 

Contraindications: Hypersensitivity to hydroxyzine. The so- 
lution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, 
rat, and rabbit induced fetal abnormalities in the rat at 
doses substantially above the human therapeutic range. 
Clinical data in human beings are inadequate. Until 
adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this 
period. 

Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION OF 
CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS NAR- 
COTICS AND BARBITURATES. In conjunctive use, dosage for 
these drugs should be decreased as much as 50%. Because 
drowsiness may occur, patients should be cautioned 
against driving a car or operating dangerous machinery. 
The usual precautions for intramuscular injection should be 
followed; soft-tissue reactions have rarely been reported 
when proper technique has Deen used. Hydroxyzine intra- 
muscular solution should be injected well within the body 
of a relatively large muscle In adults, the preferred sites 
are the upper outer quadrant of the buttock (i.e., gluteus 
maximus), or the mid-lateral thigh. In children, preferably 
the mid-lateral muscle of the thigh. In infants and small 
children, the upper outer quadrant of the gluteal region 
should only bæ used when necessary, as in burn patients, 


3 


in order to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well de- 
veloped, such as in certain adults and older children, and 
only with caution to avoid radial nerve injury. Injections 
should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intra- 
vascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually 
transitory and may disappear in a few days of continued 
therapy or upon dosage reduction. Dryness of the moutn 
may occur with higher doses. Involuntary motor activity, 
including rare instances of tremor and convulsions, has 
been reported, usually with higher than recommended 
dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: Equiva- 
lent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. Vistaril 
(hydroxyzine pamoate) Oral Suspension: Equivalent to 
25 mg. hydroxyzine HCI per 5 cc. teaspoonful. Vistari 
(hydroxyzine HCl) Intramuscular Solution: 25 mg./cc.— 
10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. vial; Isoject;* 
25 and 50 mg. per cc, 1 cc. per unit; 100 mg./2 cc. unit. 
More detailed professional information available on 


request. Revised January, 1970 
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A uniquely different quinidine salt 


CARDIOQUIN tablets 


quinidine polygalacturonate 


3 Low B.I.D. or T.I.D. dosage" 
= Greater G.I. tolerance 
o Full quinidine cardiodynamics 


The unique po/lygalacturonate moiety distinguishes CARDIOQUIN Tablets from all other 
quinidine antiarrhythmics. 

It permits a release and utilization of quinidine so efficiently that CARDIOQUIN Tablets 
can be used for conversion as well as maintenance, and the usually effective maintenance 
dosage is just 1-2 tablets b.i.d. The smooth rate of dissociation results in a uniform rate of 
absorption and a markedly reduced incidence of gastrointestinal reactions. 





*In many cases b.i.d. dosage —morning and night — will be adequate for maintenance. 


BRIEF SUMMARY —INDICATIONS: Prevention and termination of atrial fibriliation, atrial 
flutter, atrial premature contractions, paroxysmal atrial tachycardia, paroxysmal ventricular 
tachycardia, premature ventricular contractions. CONTRAINDICATIONS: 1) Absolute: Complete 
atrioventricular heart block or history of previous sensitivity reactions. 2) Relative: 

Partial a-v and bundle branch block, severe cardiac failure and hypertrophy, chronic 

valvular disease, subacute bacterial endocarditis, v Lau 
- acute infection, advanced age. PRECAUTIONS: Lot 

The same as with all quinidine salts. Frequent ECC | 
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conduction system defects. Decrease dosage if A 
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Tablet (quinidine polygalacturonate 275 mg.) is | Fr d 
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`~ CLINICAL STUDIES 


J 1 Ventricular Aneurysm. A Clinical-Pathologic Correlation 
ROGER W. DAVIS and PAUL A. EBERT 


In a group of 40 patients with a left ventricular aneurysm after myocardial infarction the mean time from the 
initial infarction until formation of the aneurysm was 2.8 years and until death 4.8 years. All patients were 
5 symptomatic. Extensive coronary artery disease was found in all patients with ventricular aneurysm, indicating 
Ret that coronary arteriography should be performed in these patients and that revascularization should probably 
be combined with excision of the dyskinetic segment. 


7 Coexisting Left Anterior Hemiblock and Inferior Wall Myocardial Infarction. 
Vectorcardiographic Features 


ALBERTO BENCHIMOL, KENNETH B. DESSER with the technical assistance of BETTIE JO MASSEY 


Vectorcardiographic criteria (using the Frank system) for diagnosing coexisting left anterior hemiblock and 


inferior myocardial infarction include the following. Frontal plane: (1) clockwise and superior inscription of the - 


20 to 30 msec QRS vectors, (2) counterclockwise and delayed inscription of the terminal 40 msec QRS vectors, 
(3) maximal QRS vector located in the left superior quadrant, and (4) major area of QRS loop above the X axis. 
Sagittal plane: (1) superior inscription of the 20 to 30 msec QRS vectors, (2) deviation of the maximal QRS de- 


flection vector superiorly and posteriorly, (3) delay in inscription of the terminal 40 msec QRS vectors, and (4) | 


figure-of-eight or counterclockwise rotation of the QRS loop. 


15 Myocardial Lesions in Idiopathic and Alcoholic Cardiomyopathy. Study by Ventricular Septal Biopsy 


ROBERT T. BULLOCH, MALCOLM B. PEARCE, MARVIN L. MURPHY, B. J. JENKINS and 
JACK L. DAVIS 


Electron and light microscopy studies of ventricular septal biopsies in 20 patients with cardiomyopathy showed 
that contractile element-sarcoplasmic reticulum disorganization and loss were consistent ultrastructural 
abnormalities that were common to both idiopathic and alcoholic cardiomyopathy and correlated with myo- 
cardial dysfunction. Generalized swelling of the sarcoplasmic reticulum without disorganization was an early 
manifestation of myocardial damage in alcoholic cardiomyopathy. Similar change was focal and inconsistent 
in idiopathic cardiomyopathy. This finding was the only consistent difference between alcoholic and idiopathic 
cardiomyopathy. 


26 Circulatory Responses to Beta Adrenergic Blockade with Alprenolol. Studies in Patients with 
Chronic Heart Disease 


RICHARD E. KERBER, ROBERT H. GOLDMAN, EDWIN L. ALDERMAN and DONALD C. HARRISON 


The administration of 0.2 mg/kg body weight of alprenolol in 14 patients with acquired heart disease produced 
significant decreases at rest and during bicycle exercise in heart rate, cardiac index, dp/dt, left ventricular work 
and aortic systolic pressure and (during exercise alone) in tension-time index and mean systolic ejection. rate. 
ç In these patients alprenolol had substantial negative chronotopic and inotropic effects similar to those of pro- 
pranolol. 
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Monitoring 










Now the complete capability for the safe, 
continuous monitoring and recording of patient 
heart action during PHYSICAL STRESS TESTING 
has been designed into one compact instrument! 


e The Model 2900 Heart Monitor features a large, two-channel oscilloscope display that permits 
continuous real-time observation of the patient's ECG waveform during stress testing 

e A built-in digital heart rate meter that provides an easy-to-read numerical display of the patient's 
heart rate and operates in an instantaneous mode of BPM or a mean-rate mode that averages 
the last 15 beats 

e A built-in ECG paper writer that is designed to AHA recommendations and can be used 
independently for 12-lead ECG's 

e An optional automatic timer/programmer that can be preset to automatically turn on the paper 
writer and record at desired intervals 

e A unique, optional S-T segment computer/display that computes and numerically displays S-T 
segment elevations and depressions to one-tenth of a millimeter 


For more information and/or a demonstration, just use the reader service card or return the coupon below. 
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[] Please send literature [] Contact me for a demonstration 
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AVIONICS RESEARCH PRODUCTS 6901 West Imperial Highway, Los Angeles, California 90045 / Phone (213) 641-6334 
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33 Dietary Saltand Essential Hypertension 
PAUL S. SWAYE, RAY W. GIFFORD, Jr. and J. N. BERRETTONI 


* No significant differences were found in this study between 717 patients with essential hypertension and 819 
C. normotensive patients with regard to dietary history of salt consumption. However, the data suggest that dietary 
° salt consumption may play a role in determining the severity of hypertension once it has developed. 


ER 39 Myocardial Anaerobiosis in Anemia in Uremic Man 
= BARBARA G. DELANO, ROBERT NACHT, ELI A. FRIEDMAN and NORMAN KRASNOW 


Myocardial lactate balance studies demonstrated compensatory myocardial anaerobiosis in 6 young physio- 
logically stable anemic uremic patients with a normal heart and no angina during 1 or more stressful situations. 
Cardiac index and systolic ejection rates indicated a hyperkinetic circulation at rest, increased by isoproterenol 
and exercise, and decreased by transfusion. 


y 
g EXPERIMENTAL STUDIES 


1 47 TheRelation Between Myocardial *H-Digoxin Concentration and Its Hemodynamic Effects 


ROBERT N. DEUTSCHER, DONALD C. HARRISON and ROBERT H. GOLDMAN 


The hemodynamic effects of digoxin lag behind the myocardial *H-digoxin concentration suggesting the latter 
factor is not the only determinant of the rate of onset and development of the inotropic effects of digoxin. 
Differences in the distribution of *H-digoxin in the heart are attributed to differences in blood flow to the various 
parts ofthe myocardium. l 


56 Collateral Vessel Development After Right Ventricular Infarction in the Pig 
ROBERT H. PETER, BARRY W. RAMO, NORMAN RATLIFF and JAMES J. MORRIS, Jr. 3d 


Right ventricular hypertrophy and hypertension were induced in healthy farm pigs by pulmonary arterial band- 
ing which raised right ventricular systolic pressure from 24 to 74 mm Hg and doubled right ventricular mass in 
4 weeks. The procedure made the right ventricle susceptible to infarction and impeded total collateral filling of 
the right coronary artery occluded by an ameroid constrictor. 


REPORTS ON THERAPY 


61 Peritoneal Dialysis for Intractable Heart Failure in Acute Myocardial Infarction 
MONTE MALACH 


Peritoneal dialysis was safely and effectively employed in 4 patients with intractable congestive heart failure 
during the course of acute myocardial infarction. Before dialysis, digitalis and potent diuretic agents failed to 
relieve pulmonary edema or reduce venous pressure, and oliguria increased. 


REVIEWS 


64 The Effect of Age on the Electrocardiogram 
ERNST SIMONSON 


Significant electrocardiographic age trends in adult healthy populations from the third to fifth decades include 

decreased QRS and T wave amplitudes, greater left axis shift and an increased incidence of premature supra- 

( ventricular and ventricular beats. The vectorcardiogram shows age trends similar to those of comparable con- 
ventional electrocardiographic items. Implications are reviewed. 


continued 
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A 42-year-old registered nurse had a history of recurrent 
chest pain. Her physician ordered a dynamic electro- 
cardiogram, and a diary of symptoms was kept during a 
routine day in the hospital office. Within the first fifteen 
minutes of the recording, the subject reported chest and 
left arm pain while doing office work, but the DCG re- 
cording (first strip) showed no abnormality of cardiac 
rate or rhythm with the reported symptoms. Later, at 
9:10 A.M. while the subject was walking, the DCG re- 
cording (second strip) showed a burst of ventricular 
tachycardia approximately 6 seconds in duration not 
associated with symptoms. A second occurrence of this 
type, recorded at 11:30 A.M., also was unassociated 
with symptoms. Through the use of the continuous DCG 


' recording, the physician was able to disregard mislead- 


ing symptomology and discover a hidden arrhythmia 
which had been undetected despite numerous prior 
ECG’s. 
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THE CLINICAL VALUE OF DCG 
HEART MONITORING 


































(1) Dynamic Electrccardiography (DCG) has in- 
creased the practicing physician's diagnostic capa- 
bility significantly, especially when he is confronted 
with arrhythmic and ischemic heart conditions of a 
transient nature. Over forty professional papers have 
been published by using physicians attesting to the 
value of DCG, and more than 1500 Holter monitoring 
systems are currently in use. 


(2) Physicians throughout the world are reporting 
that DCG is especially valuable in cases of arrhyth- 
mias or intermittent angina! episodes... for evaluat- 
ing pacemaker function, drug therapy, or vague symp- 
toms such as lightheadedness and dizziness... or 
for post-coronary care follow-up. 


(3) Three, lightweight, portable Holter monitoring re- 
corders are now available that will make continuous 
DCG recordings for 4, 12, or 24 hours, while the sub- 
ject pursues his usual daily activities. 


(4) Rapid scanning equipment is also available that 
will play back every heart beat recorded for a 4, 12 
or 24-hour period in just 4, 12, or 24 minutes. and 
allow the immediate ECG printout of any abnormal 
event. 


(5) The medical value of Dynamic Electrocardiogra- 
phy is well established; and we would be pleased to 
discuss the ease of economic justification with you. 


For more information, return the coupon below. 


AVIONICS 


AVIONICS RESEARCH PRODUCTS 
division of Dei Mer Engineering Laboratories 


6901 West Imperial Highway 
Los Angeles, California 90045 
Phone (213) 641-6334 


| [] Please send me the literature, ! would like to 
know more about Holter monitoring and the Avi- 
i onics Dynamic Electrocardiographic Systems." 


| [ ] Send the literature, and schedule me for a visit- 
ing demonstration. | am definitely interested in 

acquiring this kind of equipment. 
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SEMINAR ON CLINICAL APPLICATION OF TECHNIQUES TO MEASURE BLOOD 
FLOW IN MAN. PART I 


y 74 Introduction 
lo. z ALBERTO BENCHIMOL 


75 Techniques to Measure Coronary Blood Flow in Man 
“ RICHARD J. BING, ARMIN RICKART and KLAUS HELLBERG 


This paper assesses currently useful methods to measure coronary blood flow in man. These include techniques 
utilizing diffusible gases, diffusible substances that actively enter the cell, continuous thermodilution and 
ultrasonic Doppler flowmeter. The measurements obtained provide fundamental insight into the behavior of the 
coronary circulation and influence basic and clinical concepts of ischemic heart disease. 


FOUNDER'S LECTURE 


Sgi 


- 81 Prospects in Antithrombotic Therapy 
SOL SHERRY 


This lecture reviews current concepts in the pathogenesis of acute coronary thrombosis, the rationale and pro- 
phylactic use of antiplatelet aggregating agents and the application of thrombolytic agents, (streptokinase and 
urokinase) in the treatment of acute myocardial infarction. Controlled therapeutic trials appear to be indicated 
in this most promising area of antithrombic therapy. 


CASE REPORTS 


90 Mitral Valvular Abnormalities Associated with Supravalvular Aortic Stenosis. 
Observations in 3 Cases 


ANTON E. BECKER, MIES J. BECKER and JESSE E. EDWARDS 


Although 3 of 5 patients with supravalvular aortic stenosis showed lesions of the mitral valve at postmortem 
k study, it is uncertain whether these changes represent a coincidental or true association with supravalvular aortic 
stenosis. 


75 Malfunction of Mitral Ball Valve Prosthesis Due to Thrombus. Report of 2 Cases with Notes on Early 
Clinical Diagnosis 


JAMES PFEIFER, NORA GOLDSCHLAGER, THOMAS SWEATMAN, FRANK GERBODE and 
ARTHUR SELZER 


Auscultation and phonocardiography demonstrating delay in the opening sound of the mitral valve and echo- 
cardiography showing delayed opening of the ball and delayed cage motion permitted the preoperative diagnosis 
of malfunction of a mitral ball valve prosthesis caused by ingrowth of fibrin clot in 2 patients. In both, reopera- 
tion was successful. 


100 Extralobar Pulmonary Sequestration. Presentation as an Arteriovenous Aneurysm with Cardiac 
Failure in Infancy 


ELTON GOLDBLATT, GRAHAM VIMPANI and J. HOWARD BROWN 


An arteriovenous fistula with a large left to right shunt caused cardiac failure in an infant with extralobar-puls 
monary sequestration. A nonaerated pulsatile lobe of lung supplied by 2 systemic arteries arising from the aorta 
and passing through the hiatal ring was found at operation. j 


continued 
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angina, long-acting 
Nitro-Bid^ 
(nitroglycerin) is a 
logical third step. 
Here's why. 


... long-acting 
ivan 


preparations... 
gre... very good.”’ 





Another patient benefit product from |M 


In angina secondary to 
arteriosclerotic heart 
disease, long-acting 
Nitro-Bid® (nitroglycerin) 
therapy assists in the ‘total 
management’ of your patient. 
Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina attacks 

. increase exercise 
tolerance. 


“In nocturnal 
angina, the - 
long-acting 
nitroglycerin 
preparations have 
been very helpful.” 
Long-acting Nitro-Bid 

Plateau CAPS? provide a 
metered sequence of 
medication during the 


night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
"...is quite an 
asset..."' 


Nitro-Bid 2.5 and Nitro-Bid 
6.5 capsules afford two 
dosage strengths for 
convenience in increasing 

or decreasing dose to accom- 
modate patient symptoms. 
















NITRO-BID 2.5 
nitroglycerin 2.5 mg) 
age: CAPS” 


: E || TRO -B ID 6. 5 


desi tae 6.5 mg) 
Plateau CAPS? 


Professioral Use Information 


Indications: For prophylactic use in 
angina pectoris. 

Contraindications: Early myocardial 
infarction, severe anemia. glaucoma, 
increased intracranial pressure. 
idiosyncrasy. 

Precautions: For ORAL. not sublingual 
use. If blurring of vision or dryness of 
mouth occurs. discontinue drug. 
Tolerance máy develop on long-term 
usage. 

Adverse Reactions: Occasional transient 
headaches. Overdose may cause flush- 
ing, headaches, tachycardia. dizziness. 
Dosage: One capsule two or three times 
daily at 8 to 12 hour intervals. 
Reference: 

1. Master. A. M.: The management of 


angina pectoris. Modern Medicine 
38:92-100 (Feb 23) 1970. 
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Meningococcal Pericarditis. Report of 2 Cases, 1 Complicated by Acute Constrictive Pericarditis 
LEWIS P. SCOTT, DONALD KNOX, LOWELL W. PERRY and FRANCISCO J. PINEROS-TORRES 


Two cases are reported of purulent pericarditis complicating meningococcal infection in children. In 1 patient 
acute constrictive pericarditis developed 1 month after pericardiocentesis for cardiac tamponade. Ampicillin 
is now the drug of choice in treating meningococcal pericarditis. Pericardiocentesis or pericardiostomy with 
drainage is mandatory if signs of pericardial compression or infection persist. 


Hypersensitive Carotid Sinus Syncope Treated by Implantable Demand Cardiac Pacemaker 
KURT VON MAUR, EDWARD W. NELSON, JAMES W. HOLSINGER, Jr. and ROBERT S. ELIOT 


This report illustrates interesting successful use of a permanent demand cardiac pacemaker to prevent significant 
bradycardia and hypotension in a 43 year old man with hypersensitive carotid sinus syncope. 


DIAGNOSTIC SHELF 


Observations on Second Degree Atrioventricular Block, Including New Criteria for the Differential 
Diagnosis Between Type | and Type II Block 


RICHARD LANGENDORF, HOWARD COHEN and EDILBERTO G. GOZO, Jr. 


Depression of conduction below the atrioventricular (A-V) node tends to produce type II second degree heart 
block in contrast to the occurrence of type I block when A-V nodal conduction is depressed. However, type I 
block can also develop in the His bundle and in the bundle branches. In type I concealed conduction occurs 
within the region of the block and depresses subsequent conduction. In type II concealed conduction occurs 
down to the region of the block discharging subsidiary functional pacemakers and preventing their escape. | 
Type II block is frequently associated with bundle branch block and ventricular escapes with normal retrograde 
conduction (unidirectional block). | 


EDITORIALS 


A Critical Appraisal of Ballistocardiography 
E. E. EDDLEMAN, Jr., WALTER K. HARRISON, DAVID H. JACKSON and HENRY L. TAYLOR 


SPECIAL DEPARTMENTS 


Cardiovascular Bibliography of Selected Reviews 
Book Reviews 
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or hepatic disease, and for early essential hyper- 
tension, long-acting Hygroton eliminates water 
“promptly and copiously, yet usually avoids severe 
flushing of the patient’ s system. In older patients | 
especially, excessive diuresis can lead to problems of — 
dehydration with resultant reduced blood volume, - 
circulatory qWMtapse, possi thrombosis or 1 


embolism. 


Long-acting Hygroton lub offers the convenience 
andeconomy of once-a-day dosage-often particularly 
important to your older patients. 

Hygroton. 100 mg. tablets. Once daily. 


BRIEF SUMMARY 
Indications: Edema, hypertension. Cobiraindics- 


tions: Hypersensitivity and most cases of severe renal or hepatic 


diseases. Warnings: With the administration of enteric-coated 
potassium supplements, which should be used only when | 
adequate dietary supplementation is not practical, the possi- _ 
bility of small-bowel lesions (obstruction, hemorrhage, and - 
perforation) should be kept in mind. Surgery for these lesions 
has been required frequently and deaths have occurred. Discon- 


K tinue enteric-coated potassium supplements immediately if 


abdominal pain, distention, nausea, vomiting, or gastrointes- - 
tinal bleeding occur, Use with caution in pregnant women and 
nursing mothers since the drug crosses the placental barrier and 
appears in cord blood and since thiazides appear in breast milk. 
The drug may result i in fetal Or r peonatal jaundice, thrombocyto- 


in the adult. "When used i in women of childbearing age, alaia 
benefits of drug against possible hazards to fetus. Precautions: 
Antihypertensive therapy with this drug should always be 
initiated cautiously in postsympathectomy patients andi in 
patients receiving ganglionic blocking agents, other potent 
antihypertensive drugs or curare. Reduce dosage of concomitant 
antihypertensive agents by at least one-half. Because of the — 
possibility of progression of renal damage, periodic determina- 


tion of the BUN 1s indicated. Discontinue chlorthalidone if the 


BUN rises or liver dysfunction is aggravated (hepatic coma may 
be precipitated). Electroly: te imbalance with sodium and/or - 
potassium depletion may occur. If potassium depletion should 
occur during therapy, the erug should be sonic A and 


| potassium supplements given, provided the patient does not 
have marked oliguria. Take special care in cirrhosis or severe 
ischemic heart disease and in patients receiving corticosteroids, 
-~ ACTH, or digitalis. Severe salt restriction is not recommended. 
| Adverse Reactions: Anorexia, nausea, vomiting, gastric 


irritation, cramping, constipation, headache, dizziness, weak- 
ness, restlessness, transient myopia, muscle cramps, dysuria, 
impotence, orthostatic hypotension (which may be potentiated 
by alcohol, barbiturates or narcotics); rare idiosyncratic reac- 
tions such as aplastic anemia, leukopenia, thrombocytopenia, 
agranulocytosis, necrotizing angiitis; allergic skin rashes, 
urticaria or purpura; hyperglvcemia and glycosuria (diabetics 
should be checked regularly); hyperuricemia and acute gout; 


and pancreatitis when epigastric pain or unexplained G.I. 
symptoms develop after prolonged administration. Other reac- 


tions reported with this class of compounds include: jaundice, - 


. xanthopsia, paresthesia, and photosensitization. Usual Dose: 
.. One tablet daily. How Supplied: Tablets- 100 mg. (white, 


MD and 50 mg. (aqua) in bottles of too and 1000. 


USV PHARMACEUTICAL CORP. ^ 
Tuckahoe, N.Y. 10707 
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PVCs triggering deadly ventricular fibrillation. 
PRONESTYL (Procainamide Hydrochlo- 
‘ ride) may be especially suitable for these 
high-risk patients because of its recognized 
effectiveness against ventricular arrhythmias. 
PRONESTYL is available in capsules as well 
as injectable form. The capsules permit main- 
tenance therapy at home and in the hospital. 


n~. 





Prone styl’ 


PRONESTYL controls PVCs and ventric-~ 
ular tachycardia after oral, I.M. or I. V* admin- 
istration. An oral regimen of one 0.5 Gm. 
capsule every 4 to 6 hours may be especially 


suitable for patients endangered by 
runs of PVCs. 
SQUIBB 


* Administer I. V. only in extreme emergencies. 


(Procainamide 


Hydrochloride) 


Zeroes in on ventricular arrhythmias 


See next page for brief summary. 
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Contraindications: In patients with myasthenia gravis and 

where a hypersensitivity to procainamide and related drugs 

exists. Should not be given to patients with complete atrioven- 
tricular heart block. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 

method of choice. Intravenous use should be limited to extreme 

emergencies, be administered as a dilute infusion, and the 

patient be monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose should 

notexceed 1 Gm. Administeratarate not exceeding 25 to 50 mg. 
per minute. 

Should procainamide therapy be continued for any appre- 
ciable period, electrocardiograms should be made occasionally 
to determine its further need. 

Precautions: Evidence of untoward myocardial response 
should be carefully watched for in all patients. In the presence 
of myocardial damage with atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is 
slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic 
episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an 
occlusive coronary episode or where the use of procainamide 
may result in additional depression of conduction and ven- 
tricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocar- d 
diograms give evidence of impending heart ¢ 
block. This complication should be kept in 
mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- |. 
cantly slowed without attainment of regular atrio- — 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. fates 

In the presence of both liver and kidney damage, ^. 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus 
hasbeenreported with maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 

esions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive, hemolytictanemia, possibly related to this 
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syndrome, have been reported. If any sign of lupus erythema- 

tosus occurs, LE cell tests should be performed; if cell tests 
are positive, discontinue drug. Steroid therapy may be effec- 

tive if discontinuation of procainamide does not cause remise 
sion of symptoms. If the syndrome develops in a patient with 
recurrent life-threatening arrhythmias not otherwise control- 
lable, steroid-suppressive therapy may be used concomitantly 
with procainamide. Tests az regularintervalsfor lupus erythema- 
tosus are recommended for patients on maintenance therapy. 

Adverse Reactions: Because procainamide is a peripheral vaso- 

dilator, it may produce a hypotensive response, sometimes pre- 

cipitous when given intravenously. Blood pressure should be 
measured almost continuously during the infusion which 

should be temporarily discontinued if the fall exceeds 15 mm. 
Hg. The hypotensive response is less likely to occur from intra- 
muscular injection and is rare following oral administration. 
Serious disturbances of cardiac rhythm such as ventricular 
asystole or fibrillation are also more common with I.V. admin- 
istration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract in- 
fection have been reported. Agranulocytosis has been occa- 
sionally reported following prolonged use of the drug, and 
deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance therapy. If any of the above 
symptoms should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discontinued and 
appropriate treatment should be instituted immediately. 
Diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angio- 
neurotic edema and maculopapular rash, and bitter taste have 
E , been reported. 

The package insert should be read carefully to 
become familiar with the recommended oral and 
parenteral dosage for the indicated conditions. 

Supply: Pronestyl Capsules (Procainamide Hydrochloride 
Capsules U.S.P.) providing 0.25 Gm. and 0.5 Gm. are 
~, available in bottles of 100 and 1000, and Unimatic* 

— 9 Single Dose Packaging in cartons of 100. Pronestyl 

— ^ []njection (Procainamide Hydrochloride Injection 

- »  U.S.P) providing a 10% sterile aqueous solu- 

& tion (100 mg./cc.) with 0.9% (W/V) benzyl 
alcohol is available in 10 cc. vials. (A.H.FES. 

24:04) [Military FSN 6505-582-5370: Cap- 

. sules, 0.25 Gm., 1005; FSN 6505-299-8614: 
® Inj., 10 cc. vials; VA FSN 6505-582- 

5371A: Capsules, 0.25 Gm., 10005.] 


SQUIBB 


‘The Priceless Ingredient of every product is 
the honor and integrity of its maker" 


©1972 E.R. SQUIBB & SONS, INC. 442-004 









Ñ 





— 





for edemas 


brand of 








luretic 


acts within 2 hours'—‘‘a single day's adminis- 
tration can be given with good effect." 


usual dosage is one capsule twice daily—some 
patients may be maintained on one capsule 
daily or every other day. Since the action of 
‘Dyrenium’ is independent of aldosterone 
levels, dosage need not be increased as aldos- 
terone builds up. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. 

*Indications: Edema associated with congestive heart failure, 
cirrhosis, nephrotic syndrome and late pregnancy : steroid-induced 
edema, idiopathic edema and edema due to secondary hyper- 
aldosteronism. 


Contraindications: Severe or progressive kidney disease or 
dysfunction (possible exception: nephrosis). Severe hepatic dis- 
ease. Pre-existing elevated serum potassium. Hypersensitivity to 
the drug. Continued use in developing hyperkalemia. Do not 
give potassium supplements, either by drug or by diet. 


Warnings: Observe regularly for possible blood cCyscrasias, liver 
damage or other idiosyncratic reactions. Blood dyscrasias have 
been reported. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or 
confirmed renal insufficiency. Use in pregnancy only when 
essential to patient welfare. 


Dyrenium 
triamterene 
otassium-conserving 





cost to your patient—22c or Ile per day— 
based on published list price plus national 
average retail markup (Rx 30). 


augments the effects of other diuretics—com- 
bined with another diuretic, ‘Dyrenium’ can 
augment diuresis and natriuresis with lower 
doses of each agent.? 


Precautions: If hyperkalemia develops, withdraw the drug. The 
following may also occur: electrolyte imbalance, low-salt syn- 
drome (with low salt intake), reversible mild nitrogen retention, 
decreasing alkali reserve with possible metabolic acidosis. Do 
periodic hematologic studies in cirrhotics with splenomegaly. 
Concomitant use with antihypertensive drugs may result in an 
additive hypotensive effect. When Dyrenium (triamterene, 
SK&F) is to be discontinued after intensive or prolonged therapy, 
withdraw gradually because of possible rebound kaliuresis. 
Adverse Reactions: Diarrhea, nausea and vomiting (may indicate 
electrolyte imbalance), other gastrointestinal disturbances, weak- 
ness, headache, dry mouth, anaphylaxis, photosensitivity, ele- 
vated uric acid, rash. 

Note: 'Dyrenium' and spironolactone are not usually used 
concurrently; if they are, however, frequent serum potassium 
determinations are required. 


Supplied: 100 mg. capsules in bottles of 100. 


l. Ross, E.J.: Aldosterone and Its Antagonists, Clin. Pharmacol. & Therap. 6:65 (Jan.-Feb.) 1965. 
2. Earley, L.E.: Edema Formation and the Use of Diuretics, California Med. 114:56 (Mar.) 1971. 


SI4S5F CO.. 
Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 
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Beginning of our hyperlipidemic way of life 


One million years ago, a primitive ancestor of man he does not have the anatomic and physiologic 
assumed a meat-eating habit which he passed on to capabilities for handling these foods in a manner 
his descendants. According to Collens,' *... man has comparable to carnivores.” As stated editorially in 
indulged himself in eating foods containing large Lancet,” "the" unnatural’ diets of Western man are 
amounts of cholesterol and saturated fats, although associated with a high proportion of saturated fatty 
' i acids in the blood. .. .” Also, a large intake of 
carbohydrates cannot be overlooked as a 
contributory factor in hyperlipidemia.” ? 
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One of five Americans over the age of seventeen has Americans with this condition, a majority are 

a serum cholesterol level of 260 mg./100 ml. or entirely unaware of its presence because they have 
higher, according to the U.S. Public Health Service.* never been tested for it. 

Stamler et al.? state: “A significant proportion of our 

population is frankly hypercholesterolemic." They Based on mean averages obtained by examining 6,670 persons out of a sample of 7,700. 


This group represented 111 million adults in the target population. 


further report that among the millions of adult Adapted from U.S. Public Health Service Publication, March, 1967.* s 


t. 


See last page of advertisement for prescribing information. Ay ors 
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7 "Ehe determination o 0 serum lipids — 
Recently, considerable interest has been 


Eccl CNN EL 
and associates.? The following chart shows | Chylomicra elevated Normal Yes 
that in three of the four most commonly dns 

seen types, triglycerides as well as cholesterol [^ [Besipoprsereseos | normat | ii 
may be elevated. Therefore, triglycerides | ' 

are also important in making the diagnosis BL. EE 
of primary hyperlipidemia. 

In studies on 1,000 age-controlled patients, T 
Fredrickson found that hyperlipidemia will PRT re ER 

be detected in 96 per cent of cases if both v lipoproteins elevated 


serum cholesterol and triglyceride * Adapted from Fredrickson's 5 Major Categories of Primary Hyperlipidemia ? 
determinations are performed.’ 


Atromid-S (clofibrate) 


For the significant reduction of elevated levels of cholesterol and /or triglycerides 


Adequately repeated base line studies should be performed to determine if the patient 
. has a significantly elevated serum lipid level. When cholesterol and/or triglyceride 
levels are found to be elevated, an attempt should first be made to control them with 
an appropriate dietary regimen. When response is inadequate, 
lipid-lowering therapy should be initiated with ATROMID-S. 
With ATROMID-S therapy: 
e you can expect elevated serum cholesterol and/or triglyceride levels to be lowered in responsive patients 
— during the first month of treatment. e you can also expect that the higher the initial level, the greater the fall 
In xanthomatosis, a reduction in size and/or number of lesions is an indication of response to therapy, 
and the drug should be administered for an extended period of time, even up to one year. 


Classification a primary irrerigiitnis" ie 





es, S 


AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum 
cholesterol or other lipid levels has a detrimental, a beneficial, or no effect on the morbidity or 
mortality due to atherosclerosis or coronary heart disease. Several years will be required before 
current investigations can yield an answer to this question. 





The most widely prescribed lipid-lowering agent with seven years of clinical experience 
Sustained long term reduction of elevated serum lipid levels with Atromid-S (clofibrate) 


_ In responsive patients who received ATROMID-S continuously, and who were studied for periods ranging 
from six months to four years, the lipid-lowering effect was sustained throughout therapy.*"? 


It has been shown, that lipids return to pretreatment levels when ATROMID-S is discontinued.*?^* 
According to Oliver,'* “this clearly indicates the need for continued treatment." 












Long term è : 
effectiveness* cholesterol triglycerides 

Of a total of 133 patients 

treated, there were 114 51 patients 36 patients 19 patients 8 patients 51 patients 36 patients — 19 patients — 8 patients 
responders and 19 : 


nonresponders. There were 
51 responders in the one 
year therapy group; 36 
responders in the two year 
group; 19 responders in the 
three year group; and 8 
responders in the four year 


oup. 
P^ from Oliver.? : : 
. years years 
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' — Visible evidence of effectiveness etree 
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Oliver! is among several investigators who have reported the regression 
of xanthomata in patients treated with ATROMID-S (clofibrate). This 
demonstration of regression of xanthomata with ATROMID-S provides 
visible evidence of the effectiveness of this agent. In some patients, 
xanthomatous lesions completely disappeared;?!':*?? and in others their 
size and/or numbers have been reduced.? 19? 


Regression of xanthomata demonstrated 


Before therapy After therapy 


Male, 39 years old, with long-standing 

xanthomatous lesions involving 

elbows, knees, palms and palmar 

surfaces of the fingers, and buttocks. 

Laboratory Datat 

2/25/69 cholesterol: 544 mg.% 
triglycerides: 315 mg.% 

3/11/69 ATROMID-S therapy instituted 

9/26/69 cholesterol: 289 mg.% 
triglycerides: 129 mg.% 

Lesions on palms have disappeared 

completely. Lesions on elbows 

and knees are smaller and softer. 


tCase report on file, Medical Department, 
Ayerst Laboratories, New York, N.Y. 





To maintain the lipid-lowering effects—maintain the recommended dosage 


One dosage regimen—one capsule Q.I.D.—for all patients at all times. After lipid 
levels have been reduced, maintain the recommended dosage. A reduction in dosage 
may result in a rise in lipid levels. 

If treatment is interrupted 

The interruption of therapy when the patient is under control would permit lipid 
levels to return to their original pretreatment status. Berkowitz'* demonstrated the 
effect of interrupted therapy in the 40 month patient study shown below. 


DRUG DRUG 
WITHDRAWN WITHDRAWN 
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Patient received ATROMID-S (2 Gm. daily) for the first 16 months. Between the 16th and 20th month, therapy 
was withdrawn completely. From the 20th to the 40th month, ATROMID-S therapy (2 Gm. daily) was resumed. 


If given in conjunction with anticoagulants 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) 
TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS, FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See following page for prescribing information. _ 
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For the reduction of elevated serum cholesterol and /or triglyceride levels 


Atromid-S (clofibrate) 


start and maintain therapy with one capsule Q.I. D. 


BRIEF DISCUSSION SUMMARY 


Indications: ATROMID-S is indicated where reduction 
of serum lipids is desirable, e. g., patients with 
hypercholesterolemia and/or hypertriglyceridemia. 


Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have 

a more favorable response than those with primarily 
hypercholesterolemia and normal triglyceride levels. 
However, since response is unpredictable, a therapeutic 

trial with ATROMID-S should be undertaken in patients 
with only hypercholesterolemia. 


In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 


"Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than found in maternal serum, 
and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate. 


Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women 

in the childbearing age may be undertaken in patients 
exercising strict birth control procedures. In patients who 
then plan to become pregnant the drug should be withdrawn 
several months before conception. 


Because pregnancy is a possibility despite birth control 
precautions, the possible benefits of clofibrate to the patient 
must be weighed against possible hazards to the fetus in 
women of childbearing age. Since it is not known if 
clofibrate is secreted in human milk, the drug should not be 
given to lactating women. 


This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 


It is not recommended for use in patients with impaired 
renal or hepatic function. 


Warnings: CAUTION SHOULD BE EXERCISED WHEN 
ANTICOAGULANTS ARE GIVEN IN CONJUNCTION 
WITH ATROMID-S (CLOFIBRATE) . THE DOSAGE OF 
THE ANTICOAGULANT SHOULD BE REDUCED BY 
ONE-THIRD TO ONE-HALF (DEPENDING ON THE 
INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE LEVELS 
HAVE BEEN STABILIZED. 


Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate 
dietary regimens, weight loss in obese patients, control of 
diabetes mellitus, etc. 


Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to 
determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should 
be made during the first few months of ATROMID-S 
(clofibrate) administration, and periodic determinations 
thereafter. The drug should be withdrawn after three months 
if response is inadequate. However, in the case of xanthoma 
tuberosum, treatment should be continued for longer periods 
(even up to one year) provided there is a reduction in the 

size of the xanthomata. 

During the early stages of ATROMID-S administration, 
serum transaminase determinations should be made. Mild 
transient increases in these tests have been noted in some 


patients. This is thought to be a result of the metabolic effect «= 
of the drug rather than a toxic effect. However, if steadily 
rising or excessive abnormalities occur, the drug should be 
immediately withdrawn. 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of 
hypoglycemia occurring two hours after ingestion of 1 Gm. 
of clofibrate in a patient receiving tolbutamide. Although 

à causal effect was not established, caution should be 
Observed in diabetic patients. 


Adverse Effects: ATROMID-S (clofibrate) has been well 
tolerated by most patients. The most common side effect is 
nausea, noted in approximately 5 per cent of cases. Other less 
common gastrointestinal side effects include vomiting, loose 
stools, dyspepsia, flatulence, and abdominal distress. Headache, 
dizziness, fatigue, weakness, skin rash, urticaria, pruritus, 
stomatitis have been reported occasionally. A slight and 
transient rise in serum glutamic oxaloacetic and/or 

glutamic pyruvic transaminases has been observed in some 
patients, but there is no evidence to suggest that this is due 

to hepatotoxicity. A few instances of increased BSP 

retention have been reported. One patient receiving 
butobarbitone, phenobarbital, phenindione, tetracycline, and 
clofibrate developed agranulocytosis which was attributed 

by the investigator to the clofibrate. A few cases of leuko- 
penia have been reported, but relationship to ATROMID-S 
administration has not been established. 


Polyphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due to 
increased deposition of subcutaneous fat. However, this has 
not been established nor has it been definitely determined 
that the weight gain is drug-related. Instances of weight loss 
have also been reported. One investigator reported 
congestive heart failure in a few patients on clofibrate. 
However, subsequent study by this investigator has shown 
no increase in circulating plasma volume. 


Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed 
a concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 
been reported; relationship to this drug has not been 
established. 


Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 


Supplied: No. 243—Each capsule contains 500 mg. 
clofibrate, in bottles of 100. 


Rejerences: 1. Collens, W. S.: Med. ney: ues 53 atr 1969, 


2. Editor:al: quc 1414 qune ro a Stamler, et al.: Amer. J 
Nurs. 66:1788 (A z AA blic Health Service Pub. Series 11, 
No. 22 (Mar.) 1967. 5. (eterna D. S., , and Lees, 


R. S.: 
New Eng. J. Med. 276 :34, 94, 148, 215, 273 Tr^ ce M. o. 26, and Feb.2 eh 
6. Fredrickson, D. S.: Hosp. Pract. 3: 54 (June 1968. 7. Fredrickson, 
Paper presented at the 41st qvi Dp of the American Heart 
Association Meeting, Miami Beach, Fla., Nov. 23, 1968. 8. Gelfand, M. L., 
and Garber, M.: The Effect of Clolibrare on Hyperlipidemia. Exhibit, The 
Medical Society of New Jersey Annual Meeting, May 17-21, 1969. 9. Oliver, 
M. F.: Drugs Affecting Plasma Lipids—The Current Status of Ethyl 
Clilorophenoxyisobutyrate (Atromid-S) in Paoletti, R., Steinberg, D., and 
Kritchevsky, ess in Biochemical Pharmacology. wm ew "York, 
S. Karger. 1967, vol. 2, pp. 315-324. 10. Duncan, HE G., : Metabolism 
17:457 (May) 1968. 11. Mishkel, M. A.: Quart J. Med. 36: zio7 (Jan.) 1967. 
12. Danowski, T. S., et al.: Clin. Pharmacol. Ther. 7:631 (Sept.-Oct.) 1966. 
13. Berkowitz, D.: H rlipidemia, Exhibit, A.M.A. Annual Convention, 
Atlantic City, "June 18- 2, 1967. 14. Oliver, M. F.: Practitioner 792:424 
Mar.) 1964, 15. Hunningh ake, D. B., Tucker, D. R., and Azarnoff, D. L.: 
irculation 39:675 (May) 1969. 16. Oliver, M. F.: Bull. N.Y. Acad. Med. 
44:1021 (Aug.) 196 Peak, H. J. Mitchell, A. S., and Jose, A. D.: 
Med. J. Aust. 2:192 Y 
Amer. J. Clin. Nutr. 20:324 (Apr.) 1967. 19. Roe, D. A.: Arch. Sem. 
97:336 (Apr. ? 1968. 20. Albert, M., and Stansell, M. J.: Metabolism 
18:635 (Aug.) 1969. 21. Nahum, L. H.: Conn. Med. 32:506 (July) 1968. 


AYERST LABORATORIES 
New York, N.Y. 10017 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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(dioctyl sodium sulfosuccinate and sodium carboxymethyicellulose plus TT 








Andnopitfalls,either,inthemanagement And Dialose Plus softens and lubricates, 





ofthe constipated cardiac patient. too...for easier, less painful 

Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose" (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 

To lessen the strain of constipation, boxymethylcellulose) —for ef- 
it provides the effective yet fective stool softening and ` 
gentle peristalsis stimulation of lubrication, when peristalsis € 

| casanthranol. stimulation is not required. 


STUART PHARMACEUTICALS|Pasadena,Cali.91109 — — 
Division of ATLAS CHEMICAL INDUSTRIES, INC. . 
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9 reasons why the 


ICC Multimedia poche System 
wont become obsolete 


The nine new components you see below demonstrate 
how RocoM makes additions to the ICC Multimedia 
Learning System to reflect current thinking on inten- 
sive coronary care. Recommendations for keeping the 
system current are made by an advisory panel of ex- 
perts drawn from the fields of cardiology, cardiovas- 
cular nursing, education and film production. 

The system uses a number of different educational 
techniques coordinated by a nurse-instructor at your 
hospital. These include films, filmstrips, audiotapes, 
texts, lectures, demonstrations, clinical experience 
and learner self-assessment. 


New filmstrip: 
Arrhythmias Originating 
in the S-A Node 


3 


New filmstrip: 
Cardiopulmonary 
Resuscitation (CPR) 


2 


New filmstrip: 
Electrical Hazards 
in the CCU 


New Program 
Coordinator’s Manual 
` and Planning Guide 


oS 


New Learner’s 
Workbook and 
Planning Guide 


A30 ° 






New Learner 
Self- Assessment 
Program 


The Multimedia Learning System permits any hos- 
pital to train its own ICCU nurses. It increases the 
efficiency of established teaching programs, makes 
possible the training of individual replacements on 
any shift, and provides a means for keeping hospital 
staffs abreast of current developments in intensive 
coronary care. 


To see either the new components or the complete 
system demonstrated at your hospital, please write to 
RocoM, Division of Hoffmann- La Roche Inc., 
Nutley, New Jersey 07110. 


ICC Multimedia Learning System 


A John Sutherland Production 


Awarded first prize in its category by the National Visual Communica- 
tions Association. Expands and updates "Intensive Coronary Care — A 
Manual for Nurses" by Meltzer, Pinneo and Kitchell (PHS Grant 
NU 00096, N.L.H. Division of Nursing). System financed in part by 
PHS Contract PH 108-67-205. 
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New filmstrip: 
Arrhythmias Originating 
in the Atria 


New filmstrip: 
Arrhythmias Originating 
in the A-V Junction 


New filmstrip: 
Arrhythmias Originating 
in the Ventricles 


ROCOM" 


Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110. 


The American Journal of CARDIOLOGY 


“n Clinical Studies 


JANUARY 1972 


VOLUME 29 


NUMBER 1 





Ventricular Aneurysm 


A Clinical—Pathologic Correlation 


ROGER W. DAVIS, MD 
PAUL A. EBERT, MD 


Durham, North Carolina 


From the Department of Surgery, Duke 
University Medical Center, Durham, N. C. 
27706. Manuscript received January 29, 
1971, accepted March 25, 1971. 

Address for reprints: Roger W. Davis, 
MD, Department of Surgery, Duke Univer- 
sity Medical Center, Durham, N. C. 27706. 


The effect of formation of aneurysm on the course of patients with 
myocardial infarction has not been well established. Forty patients 
at this institution were diagnosed as having a left ventricular 
aneurysm following myocardial infarction from 1946 through 1968. 
All cases were reviewed, and the clinical course was carefully out- 
lined. Twenty-four cases were confirmed at autopsy. 

The mean time from the initial infarction until formation of 
aneurysm was 2.8 years and until death was 4.8 years. All patients 
with aneurysm were symptomatic, 85 percent with congestive heart 
failure, 65 percent with angina and 41 percent with some form of 
arrhythmia. Only 2 patients had clinically suspected arterial embo- 
lization. 

Autopsy findings revealed extensive coronary artery disease in all 
patients. The aneurysms were variously placed in the left ventricle 
and averaged 5 cm in diameter; none was greater than 3 mm in wall 
thickness. Mural thrombi were found in 44 percent of the aneurysms. 

The finding of extensive coronary artery disease in all patients with 
ventricular aneurysm emphasizes that coronary arteriography should 
be performed in this group and that revascularization probably 
should be combined with excision of the dyskinetic segment. 


The success of surgical procedures to increase blood flow to the 
coronary circulation in patients with arteriosclerotic heart dis- 
ease has resulted in an increased number of cardiac diagnostic 
procedures being performed. A dyskinetic or aneurysmal enlarge- 
ment of the left ventricle is being observed more frequently in 
patients with few, if any, symptoms of cardiac failure. Surgical 
resection of left ventricular aneurysms even in the presence of 
profound cardiac failure has been associated with a low mortality 
rate and usually a dramatic relief of heart failure. With the low 
surgical mortality rate associated with resection of ventricular 
aneurysms, the possibility of a more liberalized approach to resec- 
tion of dyskinetic or aneurysmal areas must be considered in pa- 


1 


"Tay 


e ae 


^g 


E 
- 


~ 


CETTE PNF. ^» 7 wre c= = "um Feo w E TIT | " > 7 x "T p» > " 3 = Vase - 
iaiia c acai MUERE x 
>". * J d 3 + x ats ‘ a < - 


is, ea a 


DAVIS AND .EBERT 


. TABLE I 


Temporal Data in Cases of Aneurysm 


Period Mean Time (years) 


From diagnosis of MI until 
diagnosis of aneurysm* 

From diagnosis of aneurysm until 
death 

From diagnosis of MI until death* 


2.8 (0 to 18.9) 


3.9(2 weeks to 12.0 years) 
4.8 (1 week to 18.9 years) 





* Does not include 4 patients who had no documented history 
of myocardial infarction. 
MI = myocardial infarction. 


tients with an established diagnosis and minimal 
symptoms of heart failure. The sequence of events 
following myocardial infarction leading to the 
development of a ventricular aneurysm is well es- 
tablished.'-9* The natural history of patients with a 
ventricular aneurysm who are without symptoms 
is not so well documented. The present study re- 
views the clinical course of patients with an- 
eurysm of the left ventricle from the time of diag- 
nosis until death or surgical intervention. 


Materials 


Hospital records of patients admitted to Duke Uni- 
versity Medical Center from 1946 through 1968 were 
reviewed, and 40 patients were found to have had a 
ventricular aneurysm. The presence of ventricular 
aneurysm was accepted by a previous history of myo- 
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cardial infarction followed by sequential evidence of 
left ventricular enlargement. The latter was docu- 
mented by fluoroscopic examination with sequential 
cardiac series in 4 patients and by left ventricular 
cineangiography in 12 patients. In the 4 patients not 
studied by cineangiography, fluoroscopic evidencgsof 
lack of movement of the anterolateral wall was the 
criterion used to diagnose ventricular aneurysm. In 
the remaining 24 patients the diagnosis was con- 
firmed at autopsy, and in only 6 of these had the clini- 


cal diagnosis been made before death. Of the remain- 4» 


ing 18 patients, the sequence of events leading to the" 
development of the aneurysm was reconstructed from 
the past medical history and the hospital record. In all, 
there were 5 female and 35 male patients ranging in age 
from 42 to 89 years (average 59 years). 


Results 


Clinical course: The average time from the oc- 
currence of myocardial infarction to diagnosis of 
the aneurysm was determined to be 2.8 years. The 
average length of survival from the time of occur- 
rence of myocardial infarction was 4.8 years and 
from the time of diagnosis of the aneurysm, 3.9 
years (Table I). The radiologic sequence of the 
development of a ventricular aneurysm is shown 
in Figures 1 and 2. Figure 3 demonstrates 2 other 
roentgenographic presentations of ventricular an- 
eurysm. Signs of congestive heart failure even- 
tually developed in 85 percent of the patients. In 4 
patients the time of myocardial infarction could 


Figure 1. Roentgenograms showing develop- 
ment of a large left ventricular aneurysm in a 
46 year old man. Upper left, taken immedi- 
ately after his myocardial infarction; lower 
right, 3 months after successful aneurysmec- 
tomy. 
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Figure 2. Roentgenograms showing progres- 
sive cardiomegaly after a diaphragmatic myo- 
cardial infarction in June 1965. During the 
postinfarction course severe congestive heart 
failure and mitral insufficiency developed. A 
5 by 5 cm diaphragmatic aneurysm was noted 
on the ventriculogram. Chest roentgenograms 
were interpreted as showing only cardio- 
megaly except for the film of November 30, 
1965, which was considered diagnostic of 
ventricular aneurysm. 


not be documented, and no correlation could be 
made with development of ventricular aneurysm. 
Angina was present in 64 percent and some type 
of cardiac arrhythmia in 41 percent. Peripheral 
arterial embolization was documented in 2 pa- 
tients. One aneurysm was found to have ruptured 
at postmortem examination. 

Electrocardiograms: The findings were typical 
of previous myocardial infarction. Thirteen pa- 
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Figure 3. Roentgenograms. Left, 
classic findings of a discrete left 
ventricular aneurysm. Right, film 
from a patient who at autopsy 
was found to have diffuse thin- 
ning and aneurysmal dilatation 
of the entire apical region of the 
left ventricle. 
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tients had persistent ST-T wave changes with di- 
minished R waves in the precordial leads that were 
considered compatible with ventricular aneurysm 
(Fig. 4 and 5). The remaining tracings were com- 
patible with chronic myocardial infarction, with 
14 of these also showing evidence of recent infarc- 
tion. Left bundle branch block was noted in 4, 
right bundle branch block in 1, and peri-infarction 
block in 3. 
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Figure 4. Representative electrocardiographic leads from a 
46 year old white man at the time of initial myocardial in- 
farction (November 18, 1967); 6 months after infarction 
(May 20, 1968) with no evidence of aneurysm formation; 
and 1 month after development of a large apical aneurysm. 
Note the S-T segment changes in the tracing of August 7, 
1968. 





Surgery: Four patients underwent surgery and 
had successful resection of the ventricular aneu- 
rysm with marked diminishing of cardiac failure. 
Three patients with ventricular aneurysm re- 
quired some type of operative procedure unrelated 
to the heart, and all 3 died in the immediate post- 
operative period from circulatory failure. 

Cause of death: This was ascertained in 27 pa- 
tients. Sixteen had recurrent myocardial infarc- 
tions; 2 died of intractable heart failure; and 
8 additional patients died of circulatory failure 
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Figure 5. The electrocardiographic strips of June 18 and 


* a July 15, 1965 demonstrate an evolving posterior myocardial 


infarction in this 44 year old man. Subsequently fulminant 
congestive heart failure and mitral insufficiency developed. 
K large posterior left ventricular aneurysm was found at the 
time of cardiac catheterization, and the electrocardiogram of 
November 28, 1965 shows T wave inversion in lead Vs. 
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TABLE Il 


Coronary Artery Occlusion in 24 Autopsy Cases of 
Ventricular Aneurysm 


Artery Partial* Complete 
Left anterior descending 11 12 
Left circumflex 15 5 
Right coronary 14 7 


* Partial occlusion was said to be present if more than 50 per- 
cent of the lumen was obstructed by plaque. 


TABLE Ill 


Commonest Complications Observed in 40 Patients with 
Ventricular Aneurysm 


Cases 
no. % of Total 
Congestive heart failure 35 85 
Angina 25 64 
Rhythm disturbance 16 4) 
Arterial emboli 2 5 


after elective noncardiac operations. One patient 
had a dissecting aneurysm, and cardiac arrhyth- 
mias developed without evidence of an acute myo- 
cardial infarction. Four patients died from unre- 
lated causes. 

Autopsy: The average diameter of the aneu- 
rysm in 27 cases was 5 cm. The outward protrusion 
from the ventricular wall was difficult te deter- 
mine, but the thickness of the wall in the center of 
the aneurysm never exceeded 3 mm. Twelve of the 
27 hearts had mural thrombi, whereas only 2 pa- 
tients had had clinical evidence of systemic embo- 
lization. The degree of coronary atherosclerosis 
was evaluated and the locations and degree of cor- 
onary occlusions are shown in Table II. The com- 
monest complications observed are listed in Table 
III. 


Discussion 


In the past few years the terms dyskinetic, ady- 
namic and aneurysmal have come into routine use 
in association with the evaluation of potential op- 
erative candidates with coronary artery disease. 
The use of ventricular angiography and even cal- 
culation of ventricular volumes with diagramma- 
tic representation of systolic and diastolic config- 
urations have allowed a more precise estimation of 
ventricular performance. Yet, the prognostic sig- 
nificance of an aneurysm or large dyskinetic area 
of the ventricle is not clearly defined. 

The 5 year survival rate after initial myocardial 
infarction has been reported to be as low as 49 
percent by Richards et al.” and as high as 83 per- 
cent by Dimond.’ Pell and D'Alonzo? reported that 
patients suryiving the first 30 days after myocar- 
dial infarction had a greater than 12 year life ex- 
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pectancy. Schlichter et al. stated that life expec- 
tancy was reduced by 50 percent if an aneurysm 
developed after infarction. 

In the present study the average length of sur- 
viel after initial myocardial infarction in pa- 
tients in whom a ventricular aneurysm developed 
was 4.8 years, whereas average survival after di- 
agnosis of the aneurysm was 3.9 years. These ob- 
servations emphasize that development of an aneu- 

erysm occurs fairly quickly, usually within 1 year 
after myocardial infarction, and markedly short- 
ens life expectancy. Whether most dyskinetic areas 
ultimately develop into actual aneurysms is not 
within the scope of this study to determine since 
angiograms were not routinely performed after in- 
farction to identify dyskinetic areas of the ven- 
tricle. 

Two of the 40 patients (5 percent) had clinical 
evidence of peripheral embolization. In an autopsy 
series reported by Dubnow et al? there was a 65 
percent incidence of mural thrombi within the an- 
eurysm and a 35 percent incidence of peripheral 
embolization. 

Predisposing factors: Why a ventricular aneu- 
rysm develops in some patients after myocardial 
infarction is a difficult question. It could be theo- 
rized that patients with minimal coronary artery 
disease who have a major myocardial infarction 
are more prone to development of a large necrotic 
segment because of the lack of stimulus for devel- 
opment of intercoronary collateral vessels. Cer- 
tainly, factors such as preexisting hypertension in- 
crease the pressure exerted against the ventricu- 
lar wall supplied by the obstructed coronary ar- 
tery. Murray!? demonstrated the immediate devel- 
opment of an expansion chamber in the area sup- 
plied by an obstructed coronary in the dog. Simp- 
son et al.!! observed an immediate dyskinetic seg- 
ment and reduction in ejection fraction in animals 
with coronary occlusion. Sequential studies of ven- 
tricular volumes obtained from biplane cineangio- 
grams showed a progression in the size of this seg- 
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ment. The postmortem examinations in our series 
would not support the concept of minimal coronary 
artery disease since only 3 of 27 patients failed to 
have extensive coronary arteriosclerosis. In addi- 
tion, 16 patients were known to have recurrent 
myocardial infarctions. 

Surgical indications: Because of the grave com- 
plications of ventricular aneurysms, most investi- 
gators!?-15 have emphasized the importance of sur- 
gical excision, which has been followed in most 
instances by a dramatic improvement in cardiac 
function. The findings of such extensive coronary 
artery disease emphasize the need to perform coro- 
nary arteriography in cases of known ventricular 
aneurysm since revascularization of coronary ves- 
sels not supplying the infarcted area is probably 
necessary in most instances. 

The diagnosis of ventricular aneurysm has usu- 
ally been made by clinical methods or postmortem 
examination. The actual necrotic area of the heart 
wall was relatively small, averaging only 5 cm in 
diameter although in many instances it protruded 
outward for a considerable distance. The cardio- 
megaly routinely seen on chest X-ray film was un- 
doubtedly related in some degree to dilatation or 
hypertrophy of unaffected ventricle. Experimen- 
tal studies have emphasized the marked increase in 
cardiac work caused by small aneurysms contain- 
ing only a fraction of each stroke volume and the 
rapid development of cardiac failure as the aneu- 
rysm enlarges.!? 

It was significant that no patient in the present 
study was asymptomatic, and 85 percent were be- 
ing treated for symptoms of heart failure. This 
high incidence of cardiac failure should be a guide 
to the deleterious effects of relatively small dyski- 
netic areas. The marked degree of coronary athero- 
sclerosis seen in all vessels of the patients with 
ventrieular aneurysm supports the suggestion of 
Johnson et al.” for combining resection of dyski- 
netic areas with direct myocardial revasculariza- 
tion. 
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Using the Frank lead system, the vectorcardiographic features of co- 
existing left anterior hemiblock and inferior wall myocardial infarc- 
tion were characterized in 25 patients. The vectorcardiographic find- 
ings most useful for the diagnosis of coexisting left anterior hemi- 
block and inferior myocardial infarction are: Frontal plane: (1) clock- 
wise and superior inscription of the 20 to 30 msec QRS vectors, (2) 
counterclockwise and delayed inscription of the terminal 40 msec 
QRS vectors, (3) maximal QRS deflection vector located in the left 
superior quadrant, and (4) major area of the QRS loop above the X 
axis. Sagittal plane: (1) superior inscription of the 20 to 30 msec 
QRS vectors, (2) deviation of the maximal QRS deflection vector 
superiorly and posteriorly, (3) delay in inscription of the terminal 40 
msec QRS vectors, and (4) figure-of-eight or counterclockwise ro- 
tation of the QRS loop. Because of the difficulties in the electrocardio- 
graphic recognition of coexisting left anterior hemiblock and inferior 
myocardial infarction, utilization of the Frank vectorcardiogram ap- 
pears to be a superior means for diagnosis. 


The existence of both isolated! and transient? left anterior hemi- 
block is well established. Electrocardiographic features necessary 
for the diagnosis of this entity include abnormal left axis devia- 
tion, QRS complex duration between 80 and 120 msec with initial 
r waves in leads II, III, aVF and S waves in leads V;, V,.! It has 
been proposed that block of the anterior-superior fascicle of the 
left bundle branch system cannot be diagnosed electrocardio- 
graphically in the presence of inferior wall myocardial infarc- 
tion.^?. The latter condition can result in abnormal left axis devi- 
ation, on the basis of the presence of large negative Q waves in 
scalar leads II and III, causing the frontal plane QRS axis to 
shift to the left and superiorly.’ In a recent report? describing left 
bundle branch hemiblocks associated with acute myocardial in- 
farction, care was taken not to include cases in which axis devia- 
tion was due to the Q wave of infarction. 

The vectorcardiographic criteria for isolated left anterior hemi- 
block have recently been formulated.? Briefly, they are counter- 
clockwise rotation of the QRS loop in the frontal plane, initial 20 
msec vectors directed inferiorly and to the left or right, mean 
QRS axis in the frontal plane directed to the left and superiorly 
and delay of the inscription of the terminal 60 to 100 msec QRS 
vectors. Furthermore, it has been demonstrated: on the basis of f 
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TABLE | 


Group I. Twenty-Five Cases of Combined Left Anterior Hemiblock and Inferior Wall Infarction 
E E e at eg gE eS RE E i NN 


Case Age (yr) 


no. & Sex Diagnosis 


Electrocardiogram 


Chest X-Ray or 
Other Findings e 
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A. Patients with a Definite Past History of Myocardial Infarction 








1 60M CAD SR, LAHB, RBBB Normal 
2 65M CAD 1°AVB, LAHB Left ventricular enlargement 
3 70M CAD 1°AVB, LAHB, ALMI Left ventricular enlargement Mí 
4 75M CAD AF, LAHB, RBBB Left ventricular enlargement 
5 60M CAD, VSD SR, LAHB, RBBB Catheterization: VSD, 
anterolateral dyskinesia, 
ventricular septal aneurysm, 
LAD 80%, LC 80%, RC 80% 
6 63M CAD SR, LAHB Normal 
a 7 67F CAD SR, LAHB Normal. Postmortem findings: 
R and L CAD, old inferior 
wall myocardial infarction 
8 71M CAD SR, LAHB, RBBB Normal 
9 48M CAD SR, LAHB, PWMI Left ventricular enlargement 
10 66M CAD SR, LAHB, RBBB, ASMI Left ventricular enlargement 
11 52M CAD SR, LAHB, ASMI Left ventricular enlargement 
12 46M CAD SR, LAHB, ALMI Left ventricular enlargement 
13 75F CAD SR, LAHB, ASMI Left ventricular enlargement 
14 67M CAD SR, LAHB Normal 
15 50M CAD 1°AVB, LAHB, ASMI Left ventricular enlargement 
B. Patients with Angina Pectoris but No Definite History of Infarction 
16 70M CAD 1°AVB, LAHB Left ventricular enlargement 
17 48M CAD SR, LAHB Sclerotic aorta. 
Catheterization: 6095 RC 
18 57M CAD SR, LAHB, ASMI Left ventricular enlargement 
19 75M CAD 1°AVB, LAHB, RBBB Normal 
20 45M CAD, RHD, Al SR, LAHB, ASMI Left ventricular enlargement 
21 70F CAD SR, LAHB, PWMI Left ventricular enlargement 
22 79F CAD SR, LAHB Normal 
23 70M CAD 1°AVB, LAHB, ASMI Left ventricular enlargement 


er MM RECERISIM Ee EBEN Ier HO SUE. e AUREUS al" SNO ABA: CLA 7 Edidi e oq E ORCI HE DE Ip ip DEO xz IO edili Ioni air E i a 
C. Patients with No Evidence of Coronary Artery Disease 


24 19M PMD SR, LAHB Left ventricular enlargement. 
Catheterization: depressed 
left ventricular function 

25 24M Traumatic VSD SR, LAHB, ALMI Catheterization: VSD. 


Operation: anteroseptal and 
inferior wall lacerations 





AF — atrial fibrillation; Al — aortic insufficiency; ALMI — anterolateral myocardial infarction; ASMI — anteroseptal myocardial infarc- 
tion; CAD = coronary artery disease; 1°AVB = first degree atrioventricular block; L = left; LAD = left anterior descending coronary 
artery; LAHB = left anterior hemiblock; LC = left circumflex coronary artery; % = percent obstruction of coronary artery; PMD = pri- 
mary myocardial disease; PWMI = posterior wall myocardial infarction; R = right; RHD = rheumatic heart disease; RBBB = right bundle 


branch block; RC = right coronary artery; SR = sinus rhythm; VSD = ventricular septal defect. 


serial vectorcardiographic study that the direction 
of the initial 25 msec QRS forces is critical for the 
diagnosis of inferior myocardial infarction. These 
early vectors are oriented superiorly and rotate to 
the left in a clockwise fashion.!? 

Utilizing these vectorcardiographic criteria, it 
appears that the diagnosis of left anterior hemi- 
block can be made in the presence of inferior wall 
infarction. The purpose of this paper is to charac- 
terize the vectorcardiographic features of coex- 


isting left anterior hemiblock and inferior myo- 
cardial infarction. Transient, isolated left anterior 
hemiblock occurring during acute inferior myo- 
cardial infarction will also be described. 


Materials and Methods 


The study group consisted of 40 patients. Group I 
comprised 25 subjects with vectorcardiographic fea- 
tures of left anterior hemiblock and initial 25 msec 
frontal plane QRS forces directed superiorly (Table 
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TABLE Il 


Range and Mean Values of the Direction in Degrees of the 

10, 20, 30, 40, 50, 60, 70 Msec and of the Maximal QRS Deflection 
Vector in 25 Patients with Coexisting Left Anterior Hemiblock 
ang Inferior Wall Infarction 


TABLE Ill 


LEFT ANTERIOR HEMIBLOCK 


Range and Mean Values of the Magnitude 
in Millivolts of the 10, 20, 30, 40, 50, 60, 70 Msec and of the 
Maximal QRS Deflection Vector in 25 Patients with Coexisting 
Left Anterior Hemiblock and Inferior Wall Infarction 


QRS Vector 
(msec) Frontal Plane Sagittal Plane Horizontal Plane 
10 
» Range 170to —178 175 to —170 0 to +180 
Mean 171 —17 161 
20 
Range 0 to —170 12 to —178  146to —163 
Mean —86 —82 19 
30 
Range 175 to —170 142 to —178 122 to —98 
Mean —30 —126 —6 
40 
Range 12 to —148 160 to —175 60 to —135 
Mean —42 —136 —37 
50 
Range 16to —158 154 to —178 45 to —165 
Mean —70 —136 —82 
60 
Range 170 to —179 158 to —172 163 to —170 
Mean —134 —124 —121 
70 
Range 150to —176 150to—163 170 to +180 
Mean —131 —138 —144 
Maximal QRS 
Vector 
Range 13 to —178  —2to —175 136 to —132 
Mean —43 —118 —42 





I). Twenty-three patients had clinical evidence of 
coronary artery disease manifested by symptoms com- 
patible with angina pectoris. There were 19 men and 4 
women whose age ranged from 46 to 79 years (mean 
63). Sixteen of the 23 (70 percent) had a definite his- 
tory of previous myocardial infarction. All had electro- 
cardiographic evidence of left anterior hemiblock and 
11 (48 percent), infarction patterns (8 anterior and 
3 posterior). Six subjects had right bundle branch 
block. Included in group I were 2 male patients with- 
out evidence of coronary artery disease: 1 patient 
with primary myocardial disease, aged 19 years, 
and 1, aged 24 years, with traumatic lacerations of 
the inferolateral and anteroseptal left ventricle. 

Group II consisted of 7 patients with acute inferior 
myocardial infarction and coexisting left anterior 
hemiblock. Three of the 7 had evidence of old antero- 
septal myocardial infarction. All diagnoses were made 
on the basis of serial electrocardiographic and vector- 
cardiographic changes which were compatible with 
acute inferior myocardial infarction. In addition, se- 
vere retrosternal chest pain of more than 1 hour's dur- 
ation and elevated serum enzyme levels [serum glu- 
tamic oxaloacetic transaminase (SGOT), lactic dehy- 
drogenase (LDH) and creatine phosphokinase (CPK)] 
present in all cases. In 2 cases, left anterior hemiblock 
appeared transiently during the early stages of acute 
infarction. 
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QRS Vector 
(msec) Frontal Plane Sagittal Plane Horizontal Plane 
10 
Range 0.033 to 0.160 0.043 to 0.275 0.28 to 0.175 
Mean 0.0846 0.110 0.089 
20 
Range 0.051 to 0.492 0.037 to 0.800 0.056 to 0.571 
Mean 0.195 0.260 0.199 
30 
Range 0.051 to 0.968 0.029 to 1.175 0.135 to 1.190 
Mean 0.431 0.366 0.496 
40 
Range 0.096 to 1.271 0.164 to 1.559 0.090 to 1.333 
Mean 0.502 0.514 0.606 
50 
Range 0.196 to 1.322 0.200 to 1.779 0.098 to 1.333 
Mean 0.446 0.567 0.567 
60 
Range 0.094 to 0.936 0.067 to 1.200 0.135 to 1.206 
Mean 0.372 0.393 0.440 
70 
Range 0.070 to 0.730 0.040 to 0.914 0.045 to 1.014 
Mean 0.309 0.290 0.320 
Maximal QRS 
Vector 
Range 0.283 to 1.389 0.397 to 1.898 0.434 to 1.396 
Mean 0.686 0.747 0.808 


Group III consisted of 8 patients with clinical, elec- 
trocardiographic and vectorcardiographic evidence of 
acute inferior myocardial infarction and coexisting 
abnormal frontal plane left axis deviation without the 
features of left anterior hemiblock, In 3 cases the ab- 
normal left axis deviation was transient. 

Vectorcardiograms in the 3 plane projections were 
recorded with patients in the supine position and use 
of the Frank lead system. The fourth intercostal 
space was used for placement of the chest electrodes 
as suggested by Langner et al? for the supine posi- 
tion. The vectorcardiograms were recorded on a DR-8 
Electronies for Medicine light beam oscilloscopic pho- 
tographie recorder using a vectorcardiographic chan- 
nel (model VET-6). Still and timed vectorcardiograms 
(running loops) were taken in the frontal, left sagit- 
tal and horizontal planes. The still loops were magni- 
fied to provide a better analysis of the initial and ter- 
minal components of the QRS loop; this degree of 
magnification averaged from 50 to 80 mm for !4 mv. 
Timed vectorcardiograms were taken at a paper speed 
of 75 to 100 mm/sec using previously described tech- 
niques.!?4 The loops were interrupted at an interval: 
of 2 msec; the direction of rotation was indicated by 
a comet with the ‘tail’ pointing in the direction of 
inscription. The following measurements were made 
in all vectorcardiograms: (1) direction and magnitude 
of the 10, 20, 30, 40, 50, 60 and 70 msec QRS vectors. 
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in the 3 planes; (2) direction and magnitude of the 
maximal QRS deflection vector; and (3) rotation of 
the QRS loop. 

These findings were compared to those from a group 
of 41 patients with isolated left anterior hemiblock.? 


Results 


Group | 


The vectorcardiographic data in the 25 cases of 
coexisting left anterior hemiblock and previous in- 
ferior wall infarction are summarized in Tables II 
and III. 


Frontal Plane 


Rotation: In all 25 cases the initial 20 to 30 
msec QRS vectors rotated in a clockwise fashion 
(Fig. 1). This initial rotation is different from 
that of uncomplicated left anterior hemiblock, 
which results in counterclockwise rotation of these 
vectors.’ In all cases the balance of the QRS loop 
beyond the inscription of the 40 msec vectors ro- 
tated counterclockwise, and this reversal in rota- 
tion resulted in a figure-of-eight configuration in 
14 cases (56 percent). This change in rotation was 
a constant and characteristic feature. Beyond the 
inscription of the 40 msec vectors, the rotation 
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Figure 1. Vectorcardiogram and electro- 
cardiogram of a 67 year old man with co- 
existing left anterior hemiblock and in- 
v6 ferior wall myocardial infarction. Note the 
clockwise and superior inscription of the 
initial 40 msec vectors. The loop then ro- 
tates counterclockwise in the frontal plane 
with terminal delay. 


was similar to that in uncomplicated left anterior 
hemiblock.? This change in rotation is useful to 
differentiate coexisting inferior infarction and 
left anterior hemiblock from isolated inferior in- 
farction, which results in a completely clockwise 
rotation in the frontal plane.!? 

Duration: The duration of the QRS loop ranged 
between 80 and 130 msec, and a significant delay in 
inscription of the terminal (beyond the 60 msec 
vector) vectors was a constant feature. Only those 
patients with right bundle branch block had a 
QRS duration greater than 110 msec. 

Direction (Tables II and III): In all 25 cases 
the 20 to 30 msec vectors were directed superiorly, 
and in all but 2 cases the 40 msec vector was ori- 
ented superiorly. This contrasts with isolated left 
anterior hemiblock which results in inferiorly di- 
rected 20 msec vectors. In 20 patients (80 percent) 
the 40 msec vectors were directed to the left. Ex- 
cept for the initial 20 msec vectors, the direction 
was similar to isolated left anterior hemiblock, 
that is, superior and leftward displacement of the 
QRS loop (Fig. 2). 


Sagittal Plane 


Rotation: In 14 of the 25 cases (56 percent) 
the QRS loop rotated in a figure-of-eight fashion, 


Figure 2. Distribution of the mean 10, 20, 
30, 40, 50, 60, 70 msec and maximal 
QRS deflection vectors in the frontal, left 
sagitta! and horizontal planes from 25 
patients with coexisting left anterior hemi- 
block and inferior wall myocardial infarc- 


HORIZONTAL PLANE tion. 
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Figure 3. Vectorcardiogram and electro- 
cardiogram of a 24 year old patient with 
traumatic lacerations of the anteroseptal 
and inferolateral walls of the left ventricle. 
Note the superior and clockwise inscrip- 
tion of the initial 20 msec vectors in the 
frontal plane. The loop then reverses rota- 
tion with delayed inscription of the ter- 
minal 40 msec vectors. 


in 7 the rotation was counterclockwise and in 4 
clockwise. In all cases the 20 to 30 msec vectors 
rotated clockwise. The terminal 40 msec vectors 
inscribed a delay in all cases. These findings are 
similar to those of isolated left anterior hemiblock, 
except that in the latter the initial 20 to 30 msec 
vectors usually rotate counterclockwise.? 

Duration: As in the frontal plane, the QRS 
duration was between 80 and 110 msec for patients 
without right bundle branch block. 

Direction (Tables II and III): The 20 to 30 
msec vectors were directed superiorly in all cases, 
in contrast to isolated left anterior hemiblock, 
which results in inferiorly directed 20 msec vec- 
tors. In the majority of patients (20 of 25 or 80 
percent) most of the QRS loop area was displaced 
superiorly and posteriorly (Fig. 2). 


Horizontal Plane 


Rotation: Seventeen of 25 cases (68 percent) 
manifested counterclockwise rotation, 6 figure-of- 
eight and 2 clockwise. These findings are similar to 
those described for isolated left anterior hemi- 
block.? 

Duration: The duration of the QRS loop was 
80 to 110 msec for those patients without right 
bundle branch block. 

Direction (Tables II and III): In 9 of 25 cases 
(36 percent) the initial 20 msec vectors were di- 
rected posteriorly, and in these cases there were 
significant Q waves of infarction present in the 
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precordial electrocardiographic leads. These re- 
sults can be contrasted with isolated left anterior 
hemiblock where only 5 of 41 (12 percent) had 
these early forces directed posteriorly. Six patients 
with right bundle branch block showed terminal 
forces directed to the right and anteriorly. 

Clinical features of group I: Compared with 
isolated left anterior hemiblock, there was a much 
higher incidence of coronary artery disease and 
previous history of myocardial infarction. Of in- 
terest was a 24 year old patient with stab wounds 
of the anteroseptal and inferolateral walls of the 
left ventricle (Fig. 3). 


Group Il 


In all 7 patients with left anterior hemiblock 
and coexisting acute inferior wall infarction, ini- 
tial 25 msec QRS vectors developed which rotated 
clockwise in the frontal plane and were directed 
superiorly (Fig. 4). Their terminal 40 msec QRS 
vectors rotated counterclockwise in the same plane 
with delayed inscription, and the major portion of 
the QRS loop was in the left superior quadrant. 
The sagittal plane QRS vectors were similar to 
those in group I. In all respects the vectorcardio- 
graphic characteristics of the QRS loop in these 
patients were similar to those in group I. In group 
II there were 4 patients with vectorcardiographic 
evidence of old myocardial infarction in other sites 
(3 anterior and 1 posterior). None had right bun- 
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Figure 4. Serial vectorcardiograms and 
electrocardiograms of a 70 year old pa- 
tient with acute inferior wall myocardial 
infarction and transient left anterior hemi- 
block. On May 10, 1968 the frontal plane 
ORS loop has a figure-of-eight shape with 
a duration of 78 msec. On May 12 the 
entire frontal plane QRS loop rotates 

=: See. HEE counterclockwise except for the initial 20 
us naf QBUS | msec vectors and is directed superiorly. 

a= | : el The QRS duration is 100 msec with de- 
layed inscription of the terminal 40 msec 
vectors. On May 15 the frontal plane ORS 
loop rotates completely clockwise and is 
directed inferiorly. The ORS duration is 74 
msec. 


* —31im,x S 


Figure 5. Vectorcardiogram and 
electrócardiogram from a 37 year 
old man with acute inferior wall 
myocardial infarction. Note the 
frontal plane ORS displacement 
superiorly and to the left. The 
entire frontal plane loop rotates 
clockwise with no delay of in- 
scription of the terminal 40 msec 
vectors. There is no coexisting 
left anterior hemiblock. 
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dle branch block. In the 2 cases in which left an- 
terior hemiblock was transient, the duration of the 
QRS loop increased up to 20 msec during the epi- 
sode, and all other transient features were similar 
todhose described above. After disappearance of 
this conduction defect, the QRS loop diminished in 
duration with reversion to a pattern not unlike 
that described for uncomplicated inferior myocar- 
dial infarction.!? 


"Group Hl 


In 6 of the 8 cases with acute inferior wall in- 
farction and abnormal left axis deviation, the 
frontal plane QRS loop rotated clockwise (Fig. 5). 
In the other 2 patients the frontal plane loop was 
inscribed in a figure-of-eight shape. In all cases the 
initial 30 msec vectors were directed superiorly, 
and the major portion of the loop was located in 
the left superior quadrant. There was no delay of 
the terminal 40 msec vectors. In the sagittal plane 
7 of 8 cases manifested clockwise rotation. A single 
case showed counterclockwise rotation. Horizontal 
plane loops were unaltered except in 1 patient with 
an old anterior wall myocardial infarction. No pa- 
tient had right bundle branch block. All of these 
findings were compatible with uncomplicated 
acute inferior wall infarction.'? The distinguish- 
ing characteristic of the group was a maximum 
frontal plane QRS vector in the left superior 
quadrant. In 3 cases the abnormal superior and 
leftward deviation was transient. 


Discussion 


On the basis of existing criteria for left anterior 
hemiblock? and inferior wall myocardial infarc- 
tion,!?1537 the simultaneous presence of these 2 
abnormalities can be diagnosed utilizing the 
Frank vectorcardiogram. The validity of the re- 
sults in group I, with vectorcardiographic features 
of old inferior infarction and coexisting left an- 
terior hemiblock, is further demonstrated by iden- 
tical changes in group II during acute inferior in- 
farction. A past history of myocardial infarction 
in only 70 percent of patients with graphic evi- 
dence of this abnormality is not surprising and 
has been documented in a previous epidemiologic 
study. Furthermore, the majority of the 30 per- 
cent without “prior history" of myocardial infarc- 
tion had a history compatible with angina pec- 
toris. Traumatic lacerations of the inferior wall of 
the left ventricle with resulting superiorly di- 
rected initial vectors, and anteroseptal laceration 
with features of left anterior hemiblock in a single 
patient is of interest, since anteroseptal myocar- 
dial infarction is a recognized cause of left ante- 
rior hemiblock.!'5 This combination of acquired 
traumatic defects with left anterior hemiblock has 
not been previously described. 
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Figure 6. Sequence of ventricular activation in (1) isolated 
left anterior hemiblock (LAHB), (2) LAHB and inferior wall 
myocardial infarction, and (3) inferior wall myocardial in- 
farction with left axis deviation (LAD) and no left anterior 
hemiblock. 


In 12 of 30 cases with coronary artery disease, 
inferior wall infarction, and left anterior hemi- 
block there was vectorcardiographic evidence of 
anterior wall infarction, probably indicating the 
extent of right and left coronary artery disease in 
this group. The transient occurrence of left ante- 
rior hemiblock during acute inferior wall infarc- 
tion in 2 cases stresses the variability of infarction 
sites in relation to hemiblock. A single case of iso- 
lated left anterior hemiblock with coexisting acute 
inferior infarction has been reported.’ It is pos- 
sible that the injury and myocardial inflammation 
attendant to inferior infarction extended to the 
septum or anterior wall, or both, causing this ab- 
normality. The explanation of this unusual phe- 
nomenon must await future postmortem correla- 
tive study. A patient with primary myocardial dis- 
ease had vectorcardiographic evidence of coexist- 
ing left anterior hemiblock and inferior wall in- 
farction. This is compatible with previously de- 
scribed abnormal QRS vector patterns for primary 
myocardial disease, presumably based on myocar- 
dial fibrosis.!? 

Sequence of ventricular activation: A compari- 
son of the sequence of ventricular activation for 
isolated left anterior hemiblock, left anterior hemi- 
block with inferior wall infarction, and inferior- 
wall infarction with abnormal left axis deviation 
(no hemiblock) is shown in Figure 6. With coex- 
isting left anterior hemiblock and inferior wall 
infarction, the following sequence occurs. The 
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usual inferiorly directed initial 20 msec vector of 
isolated left anterior hemiblock, representing in- 
ferior wall activation by way of the intact left 
posterior-inferior fascicle, is directed superiorly 
and rotates clockwise due to necrosis of the in- 
ferior wall of the myocardium.'? After inscription 
of these unbalanced forces, frontal plane activa- 
tion eontinues in the usual counterclockwise and 
leftward fashion owing to late activation of the 
anterior-superior left ventricle, with delayed in- 
seription of the terminal 40 msec QRS forces. 
However, the initial 10 msec vectors may be di- 
rected inferiorly, probably indicating normal sep- 
tal activation? and, although this is still a point of 
contention,?? it is important in terms of electrocar- 
diographic recognition of coexisting left anterior 
hemiblock and inferior wall infarction. Eleven of 
20 patients with this vectorcardiographic pattern 
had initial r waves in scalar electrocardiographic 
leads II, III and aVF of at least 0.10 mv, thus mili- 
tating against the diagnosis of inferior infarction. 
In other patients an embryonic r wave was re- 
corded in these leads. The presence of deep Q 
waves in leads II, III and aVF, with abnormal left 
axis deviation as shown from the results in group 
III, does not necessarily indicate left anterior 
hemiblock, The vectorcardiogram is, therefore, a 
superior technique for the diagnosis of coexisting 
left anterior hemiblock and inferior wall myocar- 
dial infarction. 

Indeed, the initial 20 msec QRS vectors need not 
change significantly during transient left anterior 
hemiblock, thus complicating further the recogni- 


tion of this conduction defect utilizing standard 
scalar techniques.* The significance of an increase 
in the scalar QRS duration up to 0.12 seeond with 
deep Q waves in leads II and III remains to be 
studied, and these changes may be suggestive, of 
coexisting left anterior hemiblock and inferior 
wall infarction. Inferiorly oriented scalar Q waves 
associated with complete left bundle branch block 
appear to be specific for coexisting inferior wall 
infarction.?! " 

In summary, the following vectorcardiographic 
findings appear to be most useful for the diagnosis 
of coexisting left anterior hemiblock and inferior 
wall infarction: 

Frontal plane: (1) clockwise and superior in- 
scription of the 20 to 30 msec QRS vectors, (2) 
counterclockwise and delayed inscription of the 
terminal 40 msec QRS vectors, (3) maximal QRS 
deflection vector located in the left superior quad- 
rant, and (4) major area of the QRS loop above 
the X axis. 

Sagittal plane: (1) superior inscription of the 
20 to 30 msec QRS vectors, (2) deviation of the 
maximal QRS deflection superiorly and posteri- 
orly, (3) delay in inscription of the terminal 40 
msec QRS vectors, and (4) figure-of-eight or coun- 
terclockwise rotation of the QRS loop. 
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Myocardial biopsy specimens from 20 patients with cardiomyopathy 
were examined by electron and light microscopy. In 11 of 12 pa- 
tients with idiopathic cardiomyopathy, loss of contractile elements 
and closely related sarcoplasmic reticulum was seen. Glycogen in- 
crease was common. Structural damage of mitochondria was inconsis- 
tently present in 5 patients. Examination revealed normal myocardium 
in 1 patient. In all 8 patients with alcoholic cardiomyopathy, loss of 
contractile elements and sarcoplasmic reticulum was present. In 5 
alcoholic subjects, generalized dilatation of the sarcoplasmic reticu- 
lum was a prominent abnormality and in areas of some myofibers was 
the only structural abnormality. Glycogen increase was common. Mi- 
tochondria were structurally normal in 7 patients. 

Contractile element-sarcoplasmic reticulum disorganization and 
loss was a consistent ultrastructural abnormality common to both 
idiopathic and alcoholic cardiomyopathy. This change, whether sec- 
ondary or primary, represented the major ultrastructural lesion cor- 
relating with myocardial dysfunction in our patients. Generalized 
swelling of the sarcoplasmic reticulum without disorganization ap- 
pears to be an early manifestation of myocardial damage in alcoholic 
cardiomyopathy. Similar change was focal and inconsistent in idio- 
pathic cardiomyopathy. This represented the only consistent differ- 
ence noted in comparing the 2 groups of patients. Structural damage 
of mitochondria did not appear to be a major lesion in either idio- 
pathic or alcoholic cardiomyopathy; however, in both conditions mito- 
chondrial numbers were decreased in extensively damaged myofibers. 
Microtubules were identified in human myocardium and were most 
commonly observed in areas of contractile element-sarcoplasmic re- 
ticulum damage. 


Although increasing attention has been directed to the investiga- 
tion of cardiomyopathy,'? ultrastructural alterations of the myo- 
cardium in these disorders are incompletely described. The pres- 
ent lack of such information is in part due to difficulty in safely 
performing adequate myocardial biopsies and to problems in ac- 
complishing valid electron microscopic examination of small myo- 
cardial biopsy specimens. 

Electron microscopic study of the myocardium has been de- 
scribed in patients with alcoholic cardiomyopathy* and in an un- 
common variant of heart muscle disease, hypertrophic subaortic 
stenosis.? Similar study of nonalcoholic patients with idiopathic’ 
cardiomyopathy is restricted to an occasional case report. Gar; 

This report describes electron and light microscopic changes dẹ- 
tected in myocardial biopsies of 20 patients with a diagnosis of 
cardiomyopathy. Twelve patients had idiopathic cardiomyopathy, 
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and 8 had alcoholism. Ultrastruetural lesions in 
the idiopathic and alcoholic patient groups are con- 
trasted; these findings are further compared to 
those previously reported in alcoholic cardiomy- 
opathy. 


Materials and Methods 
Patients 


All patients were diagnosed as having cardiomy- 
opathy by clinical evaluation in the hospital including 
cardiac catheterization. Guidelines used for exclusion 
of other forms of heart disease were similar to those 
previously reported.? Particular care was directed to 
the exclusion of coronary heart disease. The presence 
of any ef the following excluded the patient from the 
study group: history suggestive of angina pectoris or 
myocardial infarction, electrocardiographic evidence of 
myocardial infarction, elevated blood glucose level, 
serum lipid abnormality or sustained blood pressures 
greater than 150 mm Hg systolic or 90 mm Hg diastolic. 
Serum electrolytes (including potassium and sodium) 
were normal at the time of study. All but 2 patients 
were taking digitalis; none had evidence of digitalis 
overdosage. Clinical findings due to cardiomyopathy 
have been extensively described,'-? and only those pa- 
tients with clinical findings of unusual interest will be 
discussed herein, The patients were divided into 2 
clinical groups: idiopathic cardiomyopathy (12 pa- 
tients) and alcoholic cardiomyopathy (8 patients). 

Idiopathic cardiomyopathy (Table IA): Twelve pa- 
tients fulfilled clinical criteria for idiopathic cardio- 
myopathy. These patients first presented with symp- 
toms and signs of congestive heart failure, primarily 
left, and generalized cardiac enlargement, Their aver- 
age age was 37 years (range 20 to 51 years). None had 
a history of chronic dietary deficieney or had taken 
medications reported to cause myocardial damage. 
Clinical features present in 3 patients are briefly de- 
scribed. 

A 48 year old white man (Patient 10) presented 
with congestive heart failure. Other findings included 
focal areas of pericardial calcification, hepatomegaly, 
splenomegaly, leukopenia and thrombocytopenia. Car- 
diac catheterization revealed hemodynamic changes 
consistent with constrictive pericarditis or restrictive 
cardiomyopathy. A thoracotomy was performed, and no 
evidence of pericardial constriction was present. 

Only 1 patient, a 45 year old man, had a family his- 
tory of unexplained heart disease (Patient 11). His 30 
year old sister was hospitalized for unexplained car- 
diac arrhythmia and died suddenly and unexpectedly 
with documented ventricular fibrillation. A young son 
has a history of rapid heart action. In this patient 
symptoms of congestive failure developed in the mid 
1950's. In June 1965 he had syncopal episodes associ- 
ated with a high degree of atrioventricular block. This 
was treated by long-term pacing of the demand type. 
. Myocardial biopsy was performed in December 1969. 

A 21 year old woman (Patient 12) first experienced 
symptoms of congestive failure in the immediate post- 
partum period. Cardiac catheterization and myocardial 
biopsy were accomplished 1 year later when she was 

asymptomatic and heart size had returned to normal. 
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Alcoholic cardiomyopathy (Table IB): Seven of 
the 8 patients drank whiskey or wine, and 1 was a beer 
drinker. The minimal daily intake recorded was 8 
ounces of whiskey or its equivalent. Most drank much 
more than this and all had been drinkers for many 
years. The beer drinker had consumed an average of 
96 oz daily for 20 years and had drunk the same brand 
since 1959. Information received from the brewery in- 
dicated that cobaltous salts or other unusual additives 
were not present in this particular beer. Although the 


TABLE | 
Results of Myocardial Biopsy 


Duration of 
Case Age (yr) Symptoms 
no. & Sex (mo) Electron Microscopic Findings 





A. Idiopathic Cardiomyopathy 


Patients 1 to 5: Loss of contrac- 


1 40F 18 
2 20M 1 tile elements-sarcoplasmic 
3 39F 3 reticulum predominant le- 
4 47M 3l, sion. Mitochondrial abnor- 
5 33M 3 mality present but inconsis- 
tent. Mitochondrial numbers 
decreased in areas. of 
damage. Glycogen increase 
common 
6 31F 23 Patients 6 to 11: Loss of con- 
7 Zor 30 tractile elements-sarcoplas- 
8 51F 8 mic reticulum and glycogen 
9 50M 4yr increase only consistent le- 
10 48M 12 yr sion. The majority of mito- 
11 45M 15 yr chondria were structurally 
normal but frequenty de- 
creased in areas of damage 
12" 21F 12 Normal myocardium 
B. Alcoholic Cardiomyopathy 
13 41M 3 Patients 13-17: Dilatation of 
14 36M 3-5 wk sarcoplasmic reticulum the 
15 38M 7 yr prominent lesion. Contrac- 
16 43M 9 tile — element-sarcoplasmic 
17 49M 2 reticulum loss, focal glyco- 
gen increase also present. 
The majority of mitochondria 
were structurally normal but 
frequently decreased in 
areas of damage 
18 47M 18 Patients 18 and 19: Contractile 
19 49M 2 element-sarcoplasmic retic- 
ulum loss, glycogen in- 
crease. The majority of mito- 
chondria were structurally 
normal but frequently de- 
creased in areas cf damage. 
20 36M 4 Patient 20: Loss of contractile 


elements; enlarged, glyco- 
gen-filled mitochondria. 


* Severe heart failure developed 1 week after an unccmpli- 


cated pregnancy and delivery. No clinical heart disease wes ob- 
served 12 months later at the time of biopsy. 


The American Journal of CARDICLOGY 


diet of the alcoholic subjects varied and was at times 
inadequate, evidence of chronic dietary deficiency was 
not present, The clinical findings in these patients were 
generally similar to those of the patients with idio- 
pathic cardiomyopathy. Their average age was 42 years 
(ree 36 to 49 years). 


Methods 


Right heart catheterization was carried out in all 
patients; 3 patients underwent both right and left 
heart catheterization. Immediately after these proce- 
dures, intracardiac needle biopsy of the ventricular 
septum was performed using a technique previously 
described." The only significant complication encoun- 
tered was the development of persistent right bundle 
branch block in 1 patient, and transient right bundle 
branch block in another. There has been no detectable 
clinical difficulty due to these complications. 

Myocardial biopsy specimens averaged 1.5 cm in 
length and 1 to 1.5 mm in diameter. Observations made 
during development of the procedure indicate that the 
major part of the biopsy specimen is taken from the 
muscular septum forming the anteromedial wall of the 
left ventricle. The technique used and specimens ob- 
tained thereby differ from endomyocardial catheter 
biopsy as described by Konno and Sakakibara," 

Electron microscopy: Specimens were immediately 
fixed for 2 hours with 3 or 4 percent glutaraldehyde in 
0.1 M phosphate buffer, ph 7.4. Tissues were then post- 
fixed with 1 percent osmium tetroxide in 0.1 M phos- 
phate buffer. Dehydration was accomplished with in- 
creasing concentrations of alcohol and the tissue em- 
bedded in an araldite-epon mixture. Blocks were thin- 
sectioned with diamond knives (DuPont), and sections 
were stained on uncoated copper grids with uranyl ace- 
tate and lead citrate. Electron micrographs were taken 
with an RCA 3F electron microscope. 

Light microscopy: Sections of approximately ly 
thickness were cut from blocks embedded for electron 
microscopy and stained with toluidine blue or paragon. 
These were examined for artifact and orientation. 
Other tissues were processed in the usual manner and 
stained with hematoxylin and eosin. 

Control myocardium: Myocardial biopsy specimens 
were taken from normal dogs using the same biopsy 
technique as in man. Identical fixation, embedding, 
staining and sectioning techniques were used for elec- 
tron microscopic examination. Grids were scanned and 
photographed by the same persons examining the hu- 
man specimens, 


Results 


Hemodynamic study: At the time of biopsy, 
resting intracardiac pressure levels were abnor- 
mally elevated in 10 patients, high normal to 
slightly elevated in 8 and normal in 2. Except for 
the 1 patient with normal myocardium (Case 12) 
no apparent difference in electron microscopic find- 
ings was noted between patients with abnormal 
and normal resting pressures. Since hemodynamic 
measurements and cardiac output determinations 
before and after stress were not routinely per- 
formed, the data are considered inadequate for ac- 
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curate correlation with myocardial morphologic 
features. | 

Myocardial ultrastructure: Standard terminol- 
ogy is used in describing myocardial ultrastruc- 
ture; however, some comment regarding the term 
myofibril is warranted. Fawcett and McNutt!” 
have recently shown that, in myocardial fibers, the 
myofilaments are arranged in a single coherent 
bundle which is partially subdivided into intercon- 
necting myofilament fascicles (myofibrils) of vari- 
ous diameters. This arrangement differs from fast- 
acting skeletal muscle in which the contractile ma- 
terial is divided into completely separate myofila- 
ment fascicles( myofibrils) of rather uniform di- 
ameter. In this text the term myofibrils is used in 
the context of Fawcett’s description. 

The results of biopsy in idiopathic and alcoholic 
cardiomyopathy are described separately. Find- 
ings are summarized in Table I. A detailed descrip- 
tion follows: 


Idiopathic Cardiomyopathy 


Myocardial biopsies revealed pathologic change 
in 11 patients and normal myocardium in 1. 

Contractile elements and sarcoplasmic reticu- 
lum: Loss and disorganization of contractile ele- 
ments (myofibrils) and closely related sarcoplas- 
mic reticulum was the only consistent change noted 
and was present in all 11 biopsy specimens show- 
ing abnormality (Fig. 1A to 1C). This change ap- 
peared to involve the majority of myocytes ob- 
served. The extent of damage ranged from mini- 
mal and focal involvement to loss of virtually all of 
the contractile material within the myofibers. Gly- 
cogen was usually increased in such areas, some- 
times to a marked degree. The site of beginning 
pathologic change was uncertain; all bands of the 
sarcomeres appeared to be involved. In many areas 
of minimal damage, involvement appeared to begin 
at the outermost border of the myofibrils at or near 
the site of closest contact with the investing 
sarcoplasmic reticulum. 

Swelling of the sarcoplasmic reticulum was oc- 
casionally observed, but in the idiopathic group 
this finding was focal and inconsistent. In the ab- 
sence of swelling, abnormality of the sarcoplasmic 
reticulum is difficult to assess. However, when con- 
tractile element loss was present, close observation 
revealed disorganization, fragmentation and loss 
of these tubules. | 

Mitochondria: Structural abnormality of mito- 
chondria was present in 5 patients (Cases 1 to 5). 
This consisted of partial to essentially complete 
loss of cristae mitochondriales with the limiting 
membrane usually remaining intact (Fig. 2): 
Swelling was occasionally observed. Mitochondrial 
change varied markedly in different areas of the 
same biopsy specimens and was a prominent find- 
ing only in an occasional tissue block. Mitochon- 
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Figure 1A.. Idiopathic cardio- 
myopathy, minimal myofiber 
damage. There is focal con- 
tractile element damage with 
disorganization and loss of 
myofilaments. Most mitochon- 
dria are structurally intact. 
Glycogen is present in clumps 
and appears to be slightly in- 
creased. (x 28,500, reduced 
by 14 percent.) 


Figure 1B. Idiopathic cardio- 
myopathy, moderate myofiber 
damage. There are disorgan- 
ization and loss of contractile 
elements with replacement by 
a large mass of glycogen. Tu- 
bules of the sarcoplasmic re- 
ticulum are virtually absent 
along borders of damaged 
myofibrils (arrows) but are 
readily visible in undamaged 
areas (sr). Mitochondrial num- 
bers are decreased. A large, 
oval-shaped but otherwise in- 
tact mitochondrion is seen at 
the top of the micrograph. (x 
26,400, reduced by 26 per- 
cent.) > 
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drial damage was thus inconsistent as compared to 
other lesions noted. 

Although the majority of mitochondria were 
structurally normal, in areas of extensive contrac- 
tile element-sar coplasmic reticulum loss these or- 
ganelles usually were decreased in number, some- 
times to a marked degree (see Fig. 1B and 4). 
Their location in such areas appeared to be that of 
random distribution rather than the usual rows be- 
tween myofibrils. 

Light and electron microscopic examination re- 
vealed normal myocardium in 1 patient who had 
recovered from postpartum cardiomyopathy (Case 
12). 


Alcoholic Cardiomyopathy 


Electron mieroscopic examination of myocardial 
biopsies revealed pathologic change in all 8 pa- 
tients (Cases 13 to 20). 

Contractile elements: Loss of contractile ele- 
ments and closely related sarcoplasmic reticulum 
with or without glycogen increase was present to 
some degree in all patients (Fig. 3 and 4). This 
was the only abnormality observed in 2 patients 
and was similar in detail to that described in the 
idiopathic group. 
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Figure 1C. Idiopathic cardio- 
myopathy, severe  myofiber 
damage. This myofiber shows 
extensive loss of contractile 
elements and sarcoplasmic re- 
ticulum involving almost its 
entire transverse diameter. 
The sarcolemma remains in- 
tact along with a small amount 
of subjacent contractile ma- 
terial at the upper and lower 
cell borders. Mitochondria are 
numerous and vary markedly 
in size and shape. Cristae ap- 
pear thickened and indistinct; 
the limiting membrane of 
many mitochondria is lost. 
These changes are believed to 
represent varying stages of 
mitochondrial degeneration. A 
mass of glycogen is visible; 
vacuoles and myelin figures 
are present. (x 18,900, re- 
duced by 31 percent.) 


Sarcoplasmic reticulum: Generalized dilatation 
of the sarcoplasmic reticulum with or without dis- 
organization of this tubular network was a promi- 
nent finding in 5 patients (Cases 13 to 17). This 
change was commonly present in areas of myofi- 
bers where all other organelles, including contrac- 
tile elements, appeared structurally normal (Fig. 
5). 

Mitochondria: The great majority of mitochon- 
dria appeared structurally normal in 7 patients. 
As in the idiopathic patient group, mitochondria 
were decreased in number in areas of contractile 
element-sarcoplasmic reticulum loss (Fig. 3). In 1 
patient (Case 20) the only beer drinker in the se- 
ries, markedly enlarged mitochondria containing 
large amounts of glycogen in the aggregated or 
alpha form were observed. Findings in this patient 
have been reported separately.'? Similar abnormal- 
ity was not observed in the other alcoholic patients 
or the idiopathic group. 


Other Observations 


The following observations apply to both the 
idiopathic and alcoholic patient groups. 

Mitochondria: The distribution and numbers of 
myocardial mitochondria in cardiomyopathy and 
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Figure 2. Idiopathic cardiomyopathy, mitochon- 
drial damage. There is disorganization and se- 
vere loss of cristae mitochondriales with some 
mitochondrial swelling. Segments of the limiting 
membrane appear indistinct in some mitochon- 
dria. Contractile elements and sarcoplasmic re- 
ticulum appear normal. Glycogen is present in 
usual amounts. (x 26,400, reduced by 32 per- 
cent.) 


Figure 3. Alcoholic cardiomyopathy. Tubules of 
the sarcoplasmic reticulum are markedly dilated 
and there is loss of contractile elements. A num- 
ber of microtubules are present in the area of hb MAS 

damage (arrows). Structures resembling myosin — SERES CONES 
filaments are also seen. Mitochondria are essen- AESA AN OONN 
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Figure 4. Alcoholic cardiomyopathy. 
This myofiber shows a marked deficit of 
contractile elements and sarcoplasmic 
reticulum. Mitochondria are randomly 
distributed and vary in shape; however, 
most appear to be intact. Microtubules 
are present (arrows). A myelin figure 
and several clear vesicles are seen. The 
sarcolemma is intact. (x 27,500, re- 
duced by 34 percent.) 





Figure 5. Alcoholic cardiomyopathy. 
There is marked dilatation of the sar 
coplasmic reticulum and also T tubules. 
Mitochondria and sarcomeres appeal 
normal except for apparent compres: 
sion by dilated tubules of the sarco: 
plasmic reticulum. An intercalated disc 
on the right is generally normal except 
for focal widening (w) where the disc is 
in close proximity to dilated tubules. 
(x 35,200, reduced by 37 percent.) 
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Figure 6. Large membrane-enclosed 
vesicles as shown in this micrograph 
were occasionally observed in both idio- 
pathic and alcoholic cardiomyopathy. 
These contained unstructured material 
and were less dense than the surround- 
ing subcellular components. The ex- 
tremely dense material within the ves- 
icle is precipitated lead stain. (x 
35,200, reduced by 33 percent.) 


in normal myocardium were compared. Focal 
groupings or aggregations of mitochondria were 
observed in both. These mitochondrial groupings 
were almost invariably located in areas showing 
severe focal contracture or compression of the 
myofibers as evidenced by distances between Z 
lines of 1 » or less and marked scalloping of the 
sarcolemma, The apparent effect of contracture is 
to compress areas of the cell and force mitochon- 
dria into pockets or groups of variable size and 
shape. The changes described are believed to be 
induced by the biopsy procedure and by handling 
of viable myocardial specimens. When contracture 
was absent, the distribution of mitochondria in 
cardiomyopathy usually was similar to that of nor- 
mal myocardium.!2.14 

Glycogen: The monoparticulate or beta form 
of glycogen usually present in heart muscle was 
commonly increased in damaged myofibers of both 
patient groups. This increase was observed only in 
the presence of contractile element-sarcoplasmic 
reticulum damage (Fig. 1B). 

Nuclei: No consistent abnormality of myocar- 
dial nuclei was observed. However, no attempt was 
made to interpret minimal variations in the stain- 
ing pattern and distribution of nuclear chromatin. 
In 1 alcoholic patient, a small percent of myocar- 
dial nuclei contained clusters of particulate mate- 
rial. The particles were rounded, stained densely 
with lead citrate and measured 20 to 30 m, in di- 
ameter. Although not conclusively identified, the 


er 





particles were identical in size, shape and staining 
characteristics to cytoplasmic glycogen. 
Sarcolemma: The basement and plasma mem- 
brane layers of the sarcolemma usually appeared 
structurally intact even in areas of damage. 


Intracellular inclusions: Lysosomes were con- 
sistently increased in damaged cells as compared to 
normal. Lipofucsin pigment was abundant and ap- 
peared to be increased in some specimens. Intra- 
cellular lipid was present but did not appear in- 
creased in any specimens examined. 

Microtubules: Frequently, in areas of contrac- 
tile element damage, relatively straight, thin, non- 
branching tubules were present which resembled 
neither sarcoplasmic reticulum or myofilaments 
(Fig. 3). The tubules were of indeterminate length 
and measured approximately 25 my in diameter. 
Their outer walls were dense, and the center was 
of low density. Morphologically these structures 
were similar to microtubules as described by Led- 
better and Porter. Similar structures were seen 
in normal control myocardium but were compara- 
tively uncommon. 

Vesicles: Large vesicles were observed within 
a small percent of damaged myofibers in 7 cases, 
both idiopathic and alcoholic (Fig. 6). These struc- 
tures varied in size and shape with diameters 
ranging from 1.5 to 15 u. Some were surrounded by 
a double membrane; others did not appear to be 
completely enclosed. The vesicles were less dense 
than the surrounding subcellular components but 
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did contain some unstructured material and at 
times small amounts of glycogen. Despite their 
size, there was no evidence of compression of ad- 
jacent organelles. These vesicles appeared similar 
to those described by Hibbs et al.* in patients with 
alcoholic cardiomyopathy. 

Interstitial space:  Interstitial fibrous tissue 
was commonly increased. Capillaries appeared 
normal. The small arteries present appeared nor- 
mal. However, examination of adequate numbers 
of small vessels requires serial sectioning of the 
biopsy specimen for light microscopic examination 
and this was rarely done. Inflammatory cells were 
absent. 


Discussion 


Comparison and significance of ultrastructural 
changes: Combined loss of contractile elements 
and the closely surrounding sarcoplasmic reticu- 
lum with glycogen increase was the most common 
ultrastructural abnormality in both idiopathic and 
alcoholic cardiomyopathy. These changes were in- 
distinguishable in the 2 groups. Presently too few 
patients have been studied to determine whether 
contractile element-sarcoplasmic reticulum loss is 
an initial and progressive lesion or a secondary one 
with earlier lesions having disappeared or gone 
undetected. Whatever the case, the prevalence of 
this finding in cardiomyopathy suggests that a 
large percent of viable myofibers have impairment 
of contractile function due to loss and disorganiza- 
tion of the contractile elements and sarcoplasmic 
reticulum. Although other factors undoubtedly 
play a role, these changes are believed to represent 
the major ultrastructural lesion associated with 
chronic myocardial dysfunction in our patients 
with idiopathic and alcoholic cardiomyopathy. 
Alexander, in previous work on alcoholic cardio- 
myopathy, believed that loss of contractile ele- 
ments was a major lesion contributing to cardiac 
dysfunction in his patients. 

Generalized dilatation of the sarcoplasmic retic- 
ulum with or without change of other subcellular 
structures was commonly observed in the alcoholic 
patients. In the idiopathic group similar change of 
the sarcoplasmic reticulum was focal and was not 
present as the only abnormality. This was the only 
notable difference between the 2 groups. 

Dilatation of the sarcoplasmic reticulum with- 
out other structural abnormality is an unusual le- 
sion. Electron microscopic examination of skeletal 
muscle in patients with alcoholic myopathy’ re- 
vealed destruction of myofilaments and mitochon- 
dria; no isolated change of the sarcoplasmic reticu- 
lum was reported. However, in studies of rats fed 
alcohol,'* dilatation of the smooth and rough endo- 
plasmic reticulum of the liver has been reported to 
be the earliest change. Lindbaugh and Liebert! re- 
ported that dilated endoplasmic reticulum was a 
major ultrastructural abnormality detected in the 
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intestinal mucosa of 1 patient with alcohol-induced 
malabsorption of vitamin Bı. These findings sug- 
gest that alcohol can produce changes of the endo- 
plasmic reticulum in other tissues; however, the 
relation of such changes to myocardial lesions in 
our alcoholic patients is not clear. In the heart, the 
complex function of this system of tubules regard- 
ing impulse conduction and electromechanical cou- 
pling points to the sarcoplasmic reticulum as a 
likely and sensitive site of involvement by lesions 
initiating myocardial dysfunction. Our observa- 
tions suggest that swelling of the sarcoplasmic re- 
ticulum without apparent disruption is a major 
and early manifestation of myocardial damage 
produced by alcohol. 

Since the majority of mitochondria were struc- 
turally intact, the significance of the inconsistent 
structural abnormality of mitochondria noted in 5 
patients of the idiopathic group is difficult to deter- 
mine. Mitochondria are susceptible to damage by a 
variety of conditions including fixation artifact. 
There was no evidence of complicating states 
(myocardial ischemia,!? taking of toxic medica- 
tions, hypokalemia?! or other electrolyte abnor- 
mality) which are reported to cause mitochondrial 
damage. The observation of intact mitochondria 
dispersed throughout areas of contractile element- 
sarcoplasmic reticulum loss in both groups of pa- 
tients was an unexpected finding. In such areas the 
number of mitochondria usually appeared to be de- 
creased ; sometimes to a marked degree. This prob- 
lem deserves more study since precise measure- 
ments of the total mitochondrial mass were not 
made. The findings suggest that mitochondrial loss 
eventually occurs in both idiopathic and alcoholic 
cardiomyopathy but may not be a primary lesion in 
either. 

Focal and sometimes generalized increase of 
glycogen in damaged myofibers of patients with 
both idiopathic and alcoholic cardiomyopathy was 
consistently observed. Since glucose-6-phosphatase 
is not normally present in heart muscle, glucose-6- 
phosphate cannot be dephosphorylated to glucose 
and reenter the blood. Glycogen stores are depleted 
only by entering metabolic pathways within the 
cell. In cardiomyopathy, glycogen increase in dam- 
aged myocytes suggests that enzyme systems nec- 
essary for glycogen formation remain intact at a 
time when glycogen utilization (anaerobic glycoly- 
sis) is impaired. The location of the glycolytic en- 
zymes is believed to be either free in the sarco- 
plasm or loosely bound to the sarcoplasmic reticu- 
lum.?? Although the reason for glycogen increase 
is unknown, the presence of this finding only in 
areas of contractile element-sarcoplasmic reticu- 
lum damage suggests that these events are related. 

Microtubules: These structures are temporary 
or permanent components of cytoplasm and have 
been identified in a wide variety of plant and ani- 
mal cells.522.24 They have been detected in the 
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myocardium of ferrets,” but similar observations 
in man have not been reported. The function of 
microtubules is uncertain but may vary according 
to cell type and with intracellular location. Postu- 
lates regarding function include: association with 
movement of cytoplasm," a cytoskeletal purpose?* 
and modification into fibrils of cilia or thick fila- 
ments of striated muscle.?*?* The function of mi- 
crotubules in areas of contractile element loss in 
our patients is unknown and needs further study. 

Comparison with previous studies: Earlier ul- 
trastructural studies of alcoholic cardiomyopathy 
have described diffuse myocardial abnormality in- 
volving mitochondria, contractile elements and to 
some extent the sarcoplasmic reticulum.’ Find- 
ings in our alcoholic patients differed in that mito- 
chondria were usually normal and the sarcoplas- 
mic reticulum frequently showed striking and iso- 
lated change. The reason for these differences is 
not clear; accurate comparison of our patients and 
methods with those previously reported may not be 
possible. 

Abnormally increased numbers of myocardial 
mitochondria in large aggregations (mitochondrio- 
sis) have been reported in alcoholic cardiomy- 
opathy,® hypertrophic subaortic stenosis? and vita- 
min B, deficiency.? Such random groupings of 
mitochondria were present to some degree in most 
of our human biopsy specimens but were also ob- 
served in normal control myocardium. In our ma- 
terial this finding was considered to be largely sec- 
ondary to contracture and compression of viable 
myofibers produced by the biopsy technique. When 
contracture was absent there appeared to be little 
difference in the number and distribution of mito- 
chondria in cardiomyopathy and normal myocar- 
dium. 

Recently English workers in light microscopic 
study of idiopathic cardiomyopathy?* described 
unusual structures within myocardial fibers which 
were termed “mark bodies." They suggested that 
these were living structures of an infectious na- 
ture. In their study myocardial biopsy specimens 


were taken by using a small high speed drill device. 
Marked contracture is frequent in small specimens 
and mitochondrial aggregations of variable size 
and shape are numerous. Mitochondria comprising 
these groupings may have a normal appearance or 
show structural change. It seems possible that sfich 
mitochondrial aggregations are synonymous with 
the mark bodies previously described. Other than 
this possibility, no electron microscopic correlate 
of such structures was observed in our patients. 

Clinical implications: This report is intended 
to describe the major and consistent ultrastruc- 
tural lesions of the myocardium in patients with. 
clinieally advanced cardiomyopathy. Identification 
and study of patients before developmert of 
marked cardiomegaly and failure should be of 
value in detecting early ultrastructural lesions. 

No information is presently available correlat- 
ing biochemical and cytochemical study with the 
observed ultrastructural lesions in our patients. 
Such correlation is necessary before the role of 
morphologic lesions in myocardial dysfunction can 
begin to be determined. Accurate identification of 
structural lesions restricted to or predominantly 
involving specific subcellular organelles should 
provide guidance in selecting specific biochemical 
and cytochemical assays. 

Pathologic change of the myocardium in this 
group of patients was readily detected by biopsy of 
the ventricular septum. Considering the diffuse- 
ness of myocardial involvement in cardiomyop- 
athy, biopsy specimens taken from the muscular 
ventricular septum should be generally represen- 
tative of the entire myocardium. 

Including the patients in this study, myocardial 
biopsy has been performed on 50 patients at this 
hospital without mortality or significant morbid- 
ity. A major purpose of this report is to suggest 
that methodology allowing more precise investiga- 
tion of heart muscle disease is available. Careful 
and selective use of these methods by qualified 
groups should accelerate the accumulation of 
knowledge of myocardial disease. 
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Fourteen patients with acquired heart disease received 0.2 mg/kg 
body weight of alprenolol, a beta adrenergic blocking agent with 
intrinsic sympathomimetic properties, during cardiac catheterization. 
A high degree of beta blockade was demonstrated by injection of 3 
ug of isoproterenol before and after alprenolol, the chronotropic effect 
of isoproterenol being almost completely abolished by alprenolol. 
After administration of alprenolol, significant decreases at rest and 
during bicycle exercise were noted in heart rate, cardiac index, maxi- 
mal rate of rise of left ventricular pressure (dp/dt), left ventricular 
work and aortic systolic pressure, and (on exercise alone) in tension- 
time index and mean systolic ejection rate. Mean right atrial and 
pulmonary arterial pressures were significantly increased at rest after 
alprenolol. 

In patients with heart disease, alprenolol has substantial negative 
chronotropic and inotropic effects, similar to those of propranolol, 
which are not overcome by its intrinsic beta stimulating properties. 


Beta adrenergic receptor blocking agents have achieved wide- 
spread clinical use in the treatment of cardiac arrhythmias and 
angina pectoris.! Propranolol, the only beta adrenergic blocking 
drug currently approved for use in the United States, has nega- 
tive inotropic properties that limit its effectiveness in patients 
with congestive heart failure or diminished myocardial reserve.’ 
Alprenolol, 1-(0-allylphenoxy)-3-isopropylamino-2-propranol hy- 
drochloride (Aptine, H56/28), a new beta adrenergic blocking 
agent, has recently been synthesized and introduced for study 
(Fig. 1). When given intravenously, it has been shown to be equi- 
potent with propranolol in its ability to block the chronotropic 
and inotropic responses to isoproterenol infusion in man.? It is 
also effective in the treatment of atrial arrhythmias.* Moreover, 
in 5 normal human volunteers, alprenolol, in contrast to pro- 
pranolol, caused no change in cardiac output.® These findings have 
been attributed to a mild intrinsic beta stimulating effect demon- 
strable in cats given reserpine and preventable by pretreatment 
with propranolol.® 

The present study was undertaken to evaluate the hemodynamic 
effects of alprenolol in patients with chronic heart disease. 
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Figure 1. Chemical structures of alprenolol and (for com- 
parison) propranolol and isoproterenol. 


Material and Methods 


Case material: Fourteen patients undergoing car- 
diac catheterization for evaluation of various forms of 
heart disease (Table I) were studied. Patients were 
asked to participate if it was considered that they 
could tolerate the additional time (30 minutes to 1 
hour) required for the study during the course of 
cardiac catheterization. Patients with suspected intra- 
cardiac shunts were excluded. Informed consent was 
obtained from all patients. 

Procedure: All patients were fasting, and re- 
ceived 100 mg of orally administered pentobarbital or 
secobarbital approximately 30 minutes before the start 
of the procedure. Right and left heart catheterization 
was performed by way of a forearm vein and the 
brachial or femoral artery entered percutaneously 
(Seldinger technique). Transseptal atrial puncture was 
performed in 3 patients with severe aortic stenosis in 
whom it was impossible to traverse the aortic valve in 
retrograde fashion. Pressures were recorded by use 
of Statham physiologic pressure mode P23db trans- 
ducers. Zero pressure was taken to be at the midpoint 
of the thoracic anteroposterior diameter. Cardiac out- 
put was calculated by the Fick method. Oxygen con- 
sumption was determined by collecting expired air in 
a Collins neoprene latex meteorologic balloon and an- 
alyzing for oxygen content using a Beckman O» an- 
alyzer, model E2, and CO, content by using a Godart 
capnograph. Arterial and mixed venous blood oxygen 
content was measured by use of a Beckman spectro- 
photometer, model B. Maximal rate of rise of left ven- 
tricular pressure (dp/dt) was calculated by digital com- 
puter analysis of the left ventricular pressure tracing." 
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Pressure and cardiac output measurements were 
made at rest and (in 9 patients) during supine exer- 
cise, using a bicycle ergometer set to a load believed to 
be tolerable for the patient during the 5 to 10 minute 
exercise period (generally 240 kg-m/min). After a rest 
period (at least 10 minutes), racemic alprenolol was 
administered intravenously in a dose of 0.2 mg/kg over 
10 minutes. After an additional 20 minute interval, 
rest and exercise measurements were repeated. During 
the second exercise period, the bicycle ergometer was 
set to the same load as before administration of 
alprenolol. Each patient thus served as his own control. 
The maximal time elapse between the start of the drug 
administration and the completion of all measurements 
was 1 hour. No angiographic procedures were per- 
formed until all hemodynamic measurements were 
completed. In some patients we were not able to obtain 
all pressure measurements, 

The following derived values were calculated: 

1. Tension-time index (TTI) per beat in mm Hg 
seconds by using the formula: TTI — ASP x SEP, 
where ASP — aortic mean systolic pressure in mm Hg; 
SEP — systolic ejection period in sec beat. 

2. Tension-time index in mm Hg seconds per min by 
using the formula: TTI/min — TTI/beat x HR, where 
HR = heart rate in beats/min. 

3. Left ventricular work (LVW) in kg-m/min by 
using the formula: LVW = (LVSP x CO x 13.6)/ 
1,000, where LVSP = left ventricular mean systolic 
pressure in mm Hg; CO = cardiac output in liters/ 


TABLE | 
Clinical Information 


Func- 
Case tional Digi- 
no. Age Diagnosis Class* Rhythm talis 
1 66 CAD, ventricular aneu- 
rysm IIB NSR -— 
2 50 CAD, angina IB NSR — 
3, x98 CAD, papillary muscle 
dysfunction IC NSR + 
4 32  #£xMarfan’s syndrome, AR, 
MR IB NSR 4 
5 62 RHD, MR, MS IIIC NSR + 
6 76  Calcific AS IVD AFI ES 
7 57 Calcific AS IIIC NSR EE 
8 64 CAD, RHD, MR, MS IVD NSR E 
9 54 RHD,AI IC NSR ps 
10 62  Calcific AS IC AF — 
11 38 RHD, MS, AR HIC NSR = 
12 51  Calcific AS, AR Inc NSR + 
13 GF RHD, MS IVD AF + 
14 49 RHD, MS Ic AF Ez 


* Classification according to criteria of the New York Heart 
Association. f 
AF = atrial fibrillation; AFl = atrial flutter; Al = aortic insuf- 
ficiency; AR = aortic regurgitation; AS = aortic stenosis; CAD = 
coronary artery disease; MR = mitral regurgitation; MS = 
mitral stenosis; NSR = normal sinus rhythm; RHD = rheu- 
matic heart disease; + = receiving digitalis; — = not receiving 
digitalis. e - 
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TABLE I! 


Hemodynamic Effects of Alprenolol at Rest and During Exercise 
Edu vum BID WE ILI ODER ee DUC ol A RS TERI Ir a 
Rest Exercise 


Control Alprenolol 06 P Control Alprenolol 06 d 
(mean + SEM) (mean SEM) Change Value (mean SEM) (mean SEM) Change Value 
TES ae tee DH Robe DE, ATA AE EE A E EEA enr A AT Mee Vie co Set OE are E ES GENER 


Heart rate (beats/min) 


All patients 85 4- 7 75+ 6 

Patients with NSR 76+ 4 70+ 4 
Blood pressure (mm Hg) 

Aortic systolic (peak) 131+ 5 123+ 5 

Aortic mean 90+ 3 88+ 5 

Aortic diastolic 72+5 70+ 5 

Right atrial mean 7+1 10+ 1 

Pulmonary artery mean 30+ 4 33+ 4 
"Left ventricular end-diastolic 17+ 3 20+ 3 
Cardiac index (liters/min per 

m?) 2.3 £0.2 1.94 0.1 
Stroke index (ml/min per m?) 29.324 3.1 27.5+ 3.0 
Total body O: consumption 

(ml/min per m?) 128+ 5 122 4- 5 
Arteriovenous O; difference 

(vol %) 5.932- 0.39 7.07+ 0.60 
Left ventricular dp/dt 

(mg Hg/sec) 1058 + 72 868 + 60 
Mean systolic ejection rate 

(ml/sec per m?) 108.4 4- 9.0 97.34- 7.9 
Left ventricular work 

(kg-m /min) 8.584 1.10 7.17+ 0.86 
Tension-time index per beat | 

(mm Hg sec) 39.1+ 3.3 40.1+ 2.8 
Tension-time index per minute : 

(mm Hg sec/min) 3211 + 425 2941 + 342 
LV systolic pressure X heart 

rate product 11982+ 1545 9917+ 1195 
Systemic vascular resistance 

(units) 19.32- 2.2 22.7 + 2.8 
Pulmonary vascular resistance 

(units) 6.53: 2.1 8.2+ 2.9 


E «0.00 10147 844 4 —1 «0.05 
—8 «0.0 1018 87+ 4 —M «0.05 
—6 «0.0 18-8 132+ 8 —M «0.05 
—2 NS 103 + 6 9245 —11 NS 
—3 . NS 76 4- 5 69+: 5 —9 NS 

43 — «0.01 12+ 3 1442 - NS 

+10 «0.01 424-7 434-5 -2 NS 

+18 NS 26 4- 5 23+ 4 —-12 .. NS 

—U «0.00 3.340.3 2.62-0.3 — —21 «0.01 
=§ NS 33.4--3.5 — 3073.55  —8 NS 
—5 «0.05 240+ 20 222 + 20 —& ^ «0.05 

+19 «0.001 8.45+0.62 9.96+0.82 +18 «0.01 

—18 «0.001 13234182 10142133  —23 «0.01 

—10 NS 11244145  096.2214.8  —1 «0.05 

—16 =0.05  12.212-2.62 8.41+1.88  —31 «0.01 
+3 NS 40.1+4.9 — 35.2-3.5  —13 NS 
—8 . NS 3950+ 454 28774314 | —27 «0.01 

—Y NS 16291+2245 1162041452  —29 <0.05 

+18 NS 15.6--3.0 18.04+4.0 +13 NS 

+26 NS 3.2+ 1.2 3.9--1.9 +422 NS 





NS = not significant; NSR = normal sinus rhythm. 


min; and 13.6 = conversion factor for the density of 
mercury. 

4. Mean systolic ejection rate (SER) in ml/sec per 
m? by using the formula, SER = SI/SEP, where SI = 
stroke index in ml/m?; and SEP = systolic ejection 
period in sec/beat. 

5. Pulmonary vascular resistance (PVR) in arbitrary 
resistance units (ru) by using the formula: PVR = 
(PAm — PAWm)/CO, where PAm = mean pulmonary 
arterial pressure in mm Hg; PAWm = mean pulmonary 
arterial wedge pressure in mm Hg; CO = cardiac out- 
put in liters/min. 

6. Systemic vascular resistance (SVR) in arbitrary 
resistance units (ru) by using the formula: SVR = 
(Aom — RAm)/CO, where Aom = mean aortic pressure 
in mm Hg; and RAm = right atrial mean pressure in 
mm Hg. ' 

.*. The product of left ventricular peak systolic pres- 
sure and heart rate in arbitrary units. 

These values were not derived in all patients if the 
-¢racings were believed not adequate to permit accurate 


calculation. Data were analyzed for statistical signifi- 
cance by use of a paired t-test. 


Results 


Twelve patients were given isoproterenol hydro- 
chloride, 3 „g, as a rapid intravenous “bolus” injec- 
tion, and the effect on heart rate was measured. 
This was done after taking the initial resting pres- 
sure measurements, and was repeated after the 
taking of the postalprenolol resting measurements, 
generally 30 to 40 minutes after the start of al- 
prenolol administration. The average maximal 
heart rate increase after the first challenge of iso- 
proterenol was 23 + 5 beats/min, whereas after 
administration of alprenolol an average maximal 
increase of only 1 + 1 beat/min occurred with iso- 
proterenol (P <0.01). 

The hemodynamic results of administration of 
alprenolol are summarized in Table II. Significant 
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Figure 2. Response of cardiac index to alprenolol infusion 
at rest and exercise. 


decreases after alprenolol administration were 
noted in values for heart rate, aortic systolic pres- 
sure, cardiac index (Fig. 2), left ventricular dp/dt 
(Fig. 3) and left ventricular work. Decreased val- 
ues for mean systolic ejection rate, tension-time 
index per minute (Fig. 4) and the product of left 
ventricular systolic pressure and heart rate were 
statistically significant on exercise but not at rest, 
whereas changes in tension-time index per beat 
were not significant in either condition. Mean right 
atrial and pulmonary arterial pressures rose sig- 
nificantly at rest, but not on exercise. Changes in 
aortic mean and diastolic pressure, left ventricular 
end-diastolic pressure, stroke index and systemic 
and pulmonary vascular resistance were not sig- 
nificant. 


Discussion 


The negative chronotropic effects of alprenolol, 
shown previously in supraventricular arrhyth- 
mias,* were again demonstrated in this group of 
14 patients, 10 of whom had sinus rhythm. Using 
somewhat smaller doses of alprenolol, other inves- 
tigators have demonstrated decreases in heart rate 
of 12° and 13 percent? at rest in patients with acute 
myocardial infarction and other forms of heart 
disease. We found a drop of 8 percent at rest and 
14 percent on exercise. The greater effect of al- 
prenolol during exercise seen in this and several 
other hemodynamic indexes is presumably related 
to the significant role played by sympathetic stimu- 
lation of the heart in the circulatory response to 
exercise. 1° 

Myocardial contractility: Cardiac index fell sig- 
nificantly at rest and exercise after administration 
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Figure 3. Response of maximal rise of left ventricular peak 
dp/dt to alprenolol infusion at rest and exercise. 


of alprenolol, as did maximal left ventricular 
dp/dt and mean systolic ejection rate (the latter 
changed significantly only on exercise). These 
changes are in large part related to the slowing of 
heart rate induced by alprenolol, as indicated by 
the not statistically significant change in the stroke 
index. In 4 patients at rest and in 2 on exercise, 
there was no slowing of heart rate after adminis- 
tration of alprenolol: in 1 patient (Case 12), the 
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Figure 4. Response of tension-time index per minute to 
alprenolol infusion at rest and exercise. 
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TABLE IH 


Hemodynamic Effects of Alprenolol in Patients Not Demonstrating a Decline in Heart Rate After Drug Administration 





Cardiac 
Heart Index Stroke TTI/min e 
Rate — (liters/ Index A-V 0: dp/dt MSER LVW TTl/beat (mm Hg/ LVSP, 
Case Condi- ^ (beats/ min per (ml/min Diff. LVSPm LVEDP (mm Hg/  (ml/sec (kg-m/ (mmHg/ sec per x Heart 
no. tion min) m?) perm?) (vol.%) (mm Hg) (mm Hg) sec) per m?) min) sec) min) Rate 
6 R,C 140* 1.4 10 9.4 
D 140* 14 8 11.4 
7 R,C 54 2.5 46 5.2 152 10 1,268 135.3 113.72 51.7 2,791 11,664 
D 54 2.3 43 5.5 144 12 1,060 122.9 99.94 50.4 2,721 10,044 
7 E C 74 3.6 49 7.2 200 29 1,629 144.1 212.20 68.0 5,032 15,800 
D 74 2.8 38 8.6 150 32 1,180 115.6 126.57 48.0 3,660 15,300 
9 RC 72 2.3 32 7.0 39 9,504 
D 72 1.3 18 10.2 37 9,072 
12 R,C 80 2.5 31 6.7 158 40 1,275 106.9 105.31 45.8 3,660 14,960 
D 90 2,1 23 7.2 158 42 1,073 79.3 92.44 45.8 4,120 15,840 
14 E, D 75 2.8 37 7.9 100 6 123.3 63.9 30.0 2,250 9, 375 
D 75 2.6 35 9.5 110 10 106.0 65.8 36.3 2,723 10,500 





* = atrial flutter. 

A-V O; Diff. = arteriovenous oxygen difference; C = control; D = drug administration; dp/dt = maximal rate of rise of left ven- 
tricular pressure; E = exercise; LVEDP = left ventricular end-diastolic pressure; LVSPm = left ventricular mean systolic pressure; 
LVSPp = left ventricular peak systolic pressure; LVW = left ventricular minute work; MSER = mean systolic ejection rate; R = rest; 
TTI = tension-time index. 


TABLE IV 
Hemodynamic Effects of Propranolol and Alprenolol in Patients with Heart Disease at Rest and During Exercise* 





Ao RA PA 











Pro- Mean Mean Mean TTI 
pranolol Heart Cardiac Stroke Pres- Pres- Pres- per 
Dose Rate Index Index sure sure sure LVEDP SVR MSER dp/dt LVW min 
Author (mg/kg) (00 C0 (09 (09 (9 (9 (96) (9 00 (09 CH WF) 
Rest 
Sonnenblick et al.” 0.17 —12 —19  —?i —2 —2 
Sowton and Hamer? 5mg  —10 —20t —15 —14 —] —21 
Wolfson et al. 5mg —12 —13+ Ot —30 
Robin et al.” 0.10 —14 —38  Á—27 —1 +197 +70 —32 -—26 = —40 —6 
Parker et ai.*? 0.15 —15  —15 —6 +8 —8 —20 —5 
Ulrych et al. 10mg  —13  —20 —] 0 +20  —15 
Lund-Larsen & 
Sivertssen? 5mg -—12 —25 —12 —4 +50 +25 
Alprenolol study 0.20 —8  —17 —6 —2 +43 +10 +18 +18 —10 -—18 $=—16 —3 
Exercise 
Epstein et al. 0.15 —19  —2?t —15 0 —34 
Sonnenblick et al. 0.17 —26  —25t —10t —16  —22 
Sowton and Hamer? 5 mg —15 —2001  —5i 3 +10 —24 —8 
. Parker et al.?? 0.15 —15  —20 —1 —] +20 +5 —8 —27  —20 
Alprenolol study . 0.20 —1  —21 —8 .-11 +17 +2 —12 +13 -M —23 -—31 —2j 





* Data expressed as percentage changes before and after propranolol administration. Not all changes are statistically significant; 
+ = cardiac output; 1 = stroke volume. 
Ao = aortic; RA = right atrial; SVR = systemic vascular resistance; other abbreviations as in Table III. 
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heart rate before administration of alprenolol was 
80/min and after administration 90/min, possibly 
due to incomplete recovery from an intervening 
exercise period. In these 6 cases, the hemodynamic 
data (Table III) still reveal significant decreases 
in cardiac and stroke index, dp/dt and mean sys- 
tolic ejection rate—changes that cannot be at- 
tributed to alteration in heart rate. Since peak 
dp/dt and mean systolic ejection rate have been 
enoted to bear a relation to myocardial contractil- 
ity,!!? alprenolol would appear to have negative 
inotropic effects independent of its negative 
chronotropic effects. Alterations in left ventricular 
systolic and end-diastolic pressures and the prod- 
uct of systolic pressure and heart rate, which have 
also been shown to affect peak dp/dt,!! were not of 
sufficient magnitude to account for the changes in 
dp/dt observed in this group of patients. 
Myocardial oxygen requirements: Beta adren- 
ergic receptor blocking agents have proved effec- 
tive in the treatment of angina pectoris,'* probably 
by lessening myocardial oxygen requirements," es- 
pecially in response to exercise. Myocardial oxy- 
gen demand has been shown to be correlated with 
a number of factors, including the area beneath 
the systolic pressure curve (tension-time index),!* 
peak systolic ventricular pressure," the product 
of peak ventricular pressure and heart rate,!919 
and left ventricular external work.? All of these 
measures except the tension-time index showed 
significant declines at rest and exercise after al- 
prenolol. The tension-time index per beat did not 
vary significantly after alprenolol, but the tension- 
time index per minute showed an 8 percent fall 
at rest (not significant) and a 27 percent fall on 
exercise (P —0.01). Alprenolol thus lowers myo- 
cardial oxygen demand, which may account for its 
reported successes in the treatment of angina.?!:22 
Of note is the lack of consistent decreases in these 
indexes in patients whose heart rate did not decline 
after administration of alprenolol (Table III) ; in 
some patients (Cases 12 and 14) the indirectly es- 
timated myocardial oxygen demand appeared to 
increase. This suggests that the antianginal effects 
of alprenolol may be dependent on heart rate. 
Arterial pressure: Aortic systolic pressure fell 
after administration of alprenolol, 6 percent at 
rest (P <0.01) and 11 percent on exercise (P 
« 0.05). Decreases in aortic diastolic and mean 
pressure (9 and 11 percent, respectively) occurred 
on exercise but were not statistically significant. 
Prolonged treatment of hypertensive patients with 
orally administered propranolol also results in a 
fall in the level of arterial pressure attributed to 
decreased cardiac output.?? Of note is the observa- 
tion that acute intravenous infusion of propranolol 
fails to reduce arterial pressure immediately,?* in 
contradistinction to our systolic pressure findings 
with alprenolol. 
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Clinical implications: Our findings are in strik- 
ing contrast to the results of Forsberg and John- 
son, who administered 10 mg of alprenolol to 5 
normal human volunteers and reported no statis- 
tically significant variation in heart rate, arterial 
pressure, cardiac output, stroke volume and right 
atrial pressure. They attributed these findings to 
alprenolol's mild intrinsic beta receptor stimulat- 
ing action? and postulated that the latter caused 
cardiac stimulation sufficient to overcome the de- 
pressant effect of the beta receptor blockade. Pa- 
tients with congestive heart failure are dependent 
on an increased sympathetic tone to maintain car- 
diac output.” In such persons, beta adrenergic 
receptor blockade would be expected to have more 
profound effects than in the normal subject in the 
supine, resting position, with a low level of sympa- 
thetic activity. Since most of our patients had 
severe, symptomatic heart disease with congestive 
heart failure and were generally in functional class 
3 or 4 (New York Heart Association), as sug- 
gested by the low resting control mean cardiac in- 
dex of 2.3 + 0.2 liters/min per m?, they would be 
expected to be more dependent on increased sym- 
pathetic tone to maintain cardiac output. In this 
clinical setting the mild sympathomimetic effects 
of alprenolol would appear inadequate to compen- 
sate for the hemodynamic consequences of beta 
adrenergic blockade. 

The dose of alprenolol (0.2 mg/kg) employed in 
this study is somewhat higher than that used by 
previous investigators. It was chosen because pre- 
vious work suggested this dose to be effective in 
the treatment of supraventricular arrhythmias.‘ 
Ventricular ectopic beats and ventricular tachy- 
cardia have also been treated with intravenously 
administered alprenolol in dosages similar to 
ours.” We did not investigate the hemodynamic ef- 
fects of orally administered alprenolol, as would be 
utilized in the long-term treatment of chronic ar- 
rhythmias or angina. 

Comparison of alprenolol and propranolol: The 
hemodynamic effects of propranolol in heart dis- 
ease have been extensively studied.5.19.1427-29 These 
studies are summarized in Table IV, and the data 
from this study of alprenolol have been included 
for comparison. It can be seen that in all hemody- 
namic indexes measured, the 2 agents are essen- 
tially similar. Thus, in the dosage employed in this 
study, the cardiovascular effects of alprenolol are 
comparable to those of propranolol in patients with 
heart disease. 
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Dietary intake of sodium chloride was studied in 717 patients with 
essential hypertension and 819 unequivocally normotensive patients. 
In the normotensive group 21.2 percent (174 of 819) stated that 
they added salt to food before tasting it, whereas 22.7 percent (163. 
of 717) of the hypertensive group had this habit. Of 43 hypertensive 
women who added salt to food before tasting it, 17 (39.5 percent) 
had diastolic blood pressure greater than 120 mm Hg, compared to 
56 (17.2 percent) of 325 hypertensive women who did not add salt 
before tasting the food (P —0.0006). Of 43 hypertensive women who 
added salt before tasting, 5 (11.6 percent) had either or both retinal 
hemorrhages and exudates with or without papilledema; of 314 
women who did not add salt before tasting, only 8 (2.6 percent) had 
retinopathy of this severity (P —0.003). Salt consumption did not in- 
fluence the severity of hypertension in men as reflected by diastolic - 
blood pressure or hypertensive retinopathy. However, hypertensive 
heart disease manifested by electrocardiographic evidence of left 
ventricular hypertrophy or roentgenographic evidence of cardio- 
megaly, or both, was encountered in 47 (39.2 percent) of 120 hy- 
pertensive men who salted their food before tasting it, compared to 
51 (22.3 percent) of 229 hypertensive men who did not add salt be- 
fore tasting (P —0.0008). Salt consumption made no difference with 
regard to the prevalence of hypertensive heart disease among women. 

Hypertension was more prevalent among patients with a family 
history of hypertension than among those without such a history. 
No significant differences were found between hypertensive and 
normotensive patients in regard to dietary history of salt consump- 
tion. However, dietary salt consumption may play a role in determin- 
ing the severity of hypertension once it has developed. 


The relation between the sodium ion and the development of hy- 
pertension remains obscure. An early scientific observation that 
dietary restriction of sodium chloride might ameliorate human 
hypertension was published by Ambard and Beaujard! in 1904. 
In 1940 Grollman et al.? demonstrated in animal experiments that 
adrenocortical steroids produced hypertension only when addi- 
tional salt was provided. Kempner?^ favorably influenced hyper- 
tensive disease through the use of a rice and fruit diet; it was 
later shown? that the effect of the diet was due primarily to its 
low sodium content, 
It is generally believed that the level of blood pressure is deter- 
mined by many factors, both constitutional and environmental. 
Dahl and co-workers*?! have proposed and demonstrated by in- 
vestigations in animals and man that excessive ingestion of salt: 
may be a factor in the development of hypertension. From populasi; 
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TABLE | 


Relation Between Subjective Estimate of Salt 
Consumption and Urinary Sodium Excretion 
in 47 Patients with Essential Hypertension 





Average 
Patient's Description no. of Urinary Sodium Standard 
of Salt Consumption Patients (mEq/24 hours) Deviation 





Group A (salt not added 





before tasting) 31 111* 51 
Salt never added 12 111 62 
Salt added occasionally 8 93.5 47 
Salt added to taste 11 124 40 

Group B (salt added before 
tasting) 16 151" 58 
"p 5505. 


tion studies in various geographic areas Dahl"? 
demonstrated a significantly lower prevalence of 
hypertension in societies and racial groups with a 
low content of sodium in their diets than in groups 
with a high dietary content of sodium. 

The purpose of this study was to determine in 
a large group of patients the relation of dietary 
intake of sodium chloride to the prevalence and 
severity of hypertension, with consideration of 
the additional influence of genetic predisposition 
to hypertension (as demonstrated by a positive 
family history of hypertension). 


Materials and Methods 


Each of 1,536 out-patients who consulted one of us 
(R. W. G.) for complete diagnostic evaluation during a 
4 year period from 1961 to 1965 was questioned by this 
investigator in regard to dietary sodium habits, and 
then was assigned to 1 of the following 4 categories: 
category 1, patients who never added salt to their food 
under any circumstances; category 2, patients who did 
not usually add salt to their food; category 3, patients 
who added salt to their food to suit their tastes; and 
category 4, patients who habitually added salt to their 
food before tasting it. 

Dietary salt habits appeared to be life-long insofar 
as patients could remember. On the advice of their 
physicians, a few patients had been on low sodium diets 
for several weeks to several years at the time of initial 
interview. For purposes of classifying these patients, 


TABLE Il 


Dietary Salt Habits of Normotensive and Hypertensive Patients 


only the dietary salt habits before enforced limitation 
were considered. 

The quantity of sodium in a 24 hour urine specimen 
was measured for each of 47 of the patients under 
conditions of their usual diets and at a time when they 
were taking no medications. Patients who were *mit- 
ing the salt in their diet on advice of their physicians 
were not selected for this part of the study. Of these 
patients, 32 had essential hypertension. The purpose of 
this portion of the study was to determine whether 
the amount of sodium excreted correlated with the pae 
tient’s estimate of the amount of sodium ingested, 

The following information was also obtained from 
the patients’ records: age, sex, initial blood pressure 
(supine, sitting and standing), height, weight, duration 
of hypertension when present, antipressor therapy, if 
any, family history of hypertension or vascular disease, 
and ophthalmoscopic grouping of hypertension accord- 
ing to the Keith-Wagener-Barker classification, Pa- 
tients with secondary hypertension were excluded from 
the study. Hypertensicn was defined as initial systolic 
blood pressure greater than 140 mm Hg or initial dia- 
stolic pressure greater than 90 mm Hg, or both. 

Correlative analyses were made of the severity of 
hypertension (as estimated from  ophthalmoscopic 
changes, diastolic blood pressure, electrocardiographic 
changes, and cardiac size and configuration on roent- 
genogram) with dietary salt habits, The prevalence of 
a positive family history of hypertension was estimated 
for each dietary group. 


Results 


Of the 1,536 patients of this study, 717 had es- 
sential hypertension, and 819 were unequivocally 
normotensive. 

Urinary sodium excretion: Of the 47 subjects 
whose urinary sodium excretion level was studied, 
18 patients (group B) added salt to their food be- 
fore tasting. Their average sodium excretion level 
was 151 mEq/24 hours (Table I). Of 31 subjects 
who did not add salt before tasting (group A) 
there were 3 subgroups: (1) 12 patients who never 
added salt to their food (average sodium excretion 
111 mEq/24 hours) ; (2) 8 patients who added salt 
occasionally (average sodium excretion 93.5 mEq/ 
liter) ; and (3) 11 patients who added salt to taste 
(average sodium excretion 124 mEq/liter) (Table 
I). For all 31 patients in group A, the average 24 
hour sodium excretion level was 111 mEdq/iiter. 
The difference between the averages of groups A 








Normotensive Hypertensive 
Dietary Salt no. of no. of no. of no. of 
Group Men Women Total 08 Men Women Total 00 
Group A (salt not added 
before tasting) 297 348 645 78.8 229 325 554 77.3 
Group B (salt added 
before tasting) 135 39 174 21.2 120 43 163 22.7 
Total 432 387 819 100.0 349 368 717 100.9 
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and B (111 versus 151) was statistically significant 
(P <0.05). There was no significant difference 
among the subgroups of group A or between group 
B and any subgroup of group A. As a result, statis- 
tical analyses were confined to the 2 main group- 
ings, that is, group A (patients who did not add 
salt before tasting) and group B (patients who 
added salt before tasting). 

Dietary salt habits of normotensive patients 

e(Table II): There were 819 normotensive patients 
of whom 432 (52.7 percent) were men and 387 
(47.3 percent) women. Of 432 normotensive men 
69 percent, and of 387 normotensive women 90 
percent were in group A. Of the total group, 174 
(21.2 percent) were in group B (salt added before 
tasting), while 645 (78.8 percent) gave a history 
of lesser salt consumption and were therefore 
placed in group A. The proportion of male subjects 
was 46 percent (297 of 645) in group A and 77.6 
percent (135 of 174) in group B. 

Dietary salt habits of patients with essential 
hypertension (Table II): Of the 717 patients 
with essential hypertension, 349 (48.7 percent) 
were men and 368 (51.3 percent) were women. Of 
these hypertensive patients, 66 percent of the men 
and 88 percent of the women were in group A. Of 
the total, 554 (77.3 percent) were in group A, 
whereas 163 (22.7 percent) were in group B. The 
proportion of men was 41.3 percent (229 of 554) 
in group A and 73.6 percent (120 of 163) in group 
B 


There was no statistically significant difference 
between the hypertensive and normotensive pa- 
tients with regard to dietary salt habits. There was 
a significantly greater percentage of men in group 
B than in group A (P <0.0001) in both the normo- 
tensive (77.6 versus 46.0 percent) and hyperten- 
sive (73.6 versus 41.3 percent) categories. 


TABLE Ill 


Relation Between Dietary Salt Habits and Ophthalmoscopic 
Classification in Patients with Essential Hypertension 





Patients with Severe 





Dietary Salt no. of Nd 
Group Patients no. Z 
Group A 5341 
Women 314 g 2.61 
Men 220 6 2.7 
Group B 158$ 
Women 43 5 11.61 
Men 115 7 6.1 





* Keith-Wagener-Barker groups 2+, 3 or 4 (hemorrhages or 
exudates, or both, with or without papilledema). 

t Excludes 20 patients who did not have ophthalmoscopic 
examinations. 

1 Difference is statistically significant (P <0.003). 

$ Excludes 5 patients who did not have ophthalmoscopic 
examinations. 
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TABLE IV 


Relation Between Dietary Salt Habits and Diastolic Blood 
Pressure in Patients with Essential Hypertension 





Patients with Diastolic 
Blood Pressure > 120 mm Hg 








Dietary Salt no. of Cg. 
Group Patients no. 06 
Group A 554 
Women 325 56 17,2" 
Men 229 52 22.7 
Group B 163 
Women 43 17 39.5* 
Men 120 32 26.6 





* Difference is statistically significant (P <0.0006). 


Severity of hypertension and dietary salt 
habits: The severity of hypertension in the 717 
patients with essential hypertension, as estimated 
from retinal changes and level of diastolic blood 
pressure, was correlated with the dietary salt 
habits of these patients. 

Ophthalmoscopic findings (Table III). Ophthal- 
moscopic examinations were reported for all but 
25 patients with essential hypertension. The pro- 
portion of patients with retinal hemorrhages or 
exudates, or both, with or without papilledema 
( Keith-Wagener-Barker groups 2+, 3 and 4) was 
compared in the 2 categories of dietary salt intake. 
There was a statistically significantly greater per- 
centage of women with severe retinopathy in 
group B than in group A (P —0.003). There was 
no significant difference between the percentages 
of men with severe retinopathy in these 2 cate- 
gories of salt consumption. 

Diastolic blood pressure and dietary salt habits 
(Table IV). The 39.5 percent of 43 women in group 
B with at least 1 diastolic blood pressure measure- 


TABLE V 


Relation Between Dietary Salt Habits and Either or Both the 
Presence of Cardiomegaly and Electrocardiographic Changes 
of Left Ventricular Hypertrophy in Patients with 

Essential Hypertension 














Patients with 
Cardiomegaly and/or ECG 

Dietary Salt no; of Changes of LVH 

Group Patients no. % 
Group A 554 

Women 325 71 21.8 

Men 229 51 22.3% 
Group B 163 

Women 43 11 25.6 

Men 120 47 39.2* 


*. Difference is statistically significant (P <0.0008). à 
ECG — electrocardiographic; LVH — left ventricular hyper- 
trophy. NE 
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TABLE VI 


Relation Between Dietary Salt Habits and Family History 
of Hypertension in Patients with Essential Hypertension 





Patients with Family History 
of Hypertension 








Dietary Salt no. of VIE Ac Sa 
Group Patients* no. " 

Group A 381 231 60.6 
Women 219 139 63.51 
Men 162 92 56.8 

Group B 117 70 59.8 
Women 32 26 81.31 
Men 85 44 51.8 





* Patients for whom adequate information on family history 
was recorded. 
t Difference is statistically significant (P <0.05). 


ment higher than 120 mm Hg was significantly 
greater (P <0.0006) than the 17.2 percent of 325 
women in group A with this degree of elevation of 
diastolic blood pressure level. There was no sig- 
nificant difference between the percentages of men 
with diastolic blood pressures greater than 120 mm 
Hg in groups A and B. 

Hypertensive heart disease (Table V). Men in 
group B had a significantly (P <0.0008) greater 
prevalence (39.2 percent of 120 patients) of hyper- 
tensive heart disease (cardiomegaly or electrocar- 
diographie changes suggestive of left ventricular 
hypertrophy, or both) than did the men in group 
A (22.3 percent of 229). There was no significant 
difference in the prevalence of hypertensive heart 
disease between women in groups A and B. 

Association of family history and dietary salt 
habits in patients with essential hypertension: 
Information relative to family history was avail- 
able for 498 patients with essential hypertension 


TABLE VII 


Relation of Family History of Hypertension and Dietary 
Salt Habits to the Prevalence of Hypertension 











Group A Group B 

Hyper- Hyper- 

Family History no.of tensive no.of tensive 
of Hypertension Sex Patients (%) Patients (%) 
Negative M 153 46* 94 44+ 
F 175 461 23 268 
Positive M 148 62* 65 68+ 
F 230 601 36 728 


Not stated or 


uncertain M 225 30 96 36 
F 268 40 23 48 
Total 1199 





* Difference is statistically significant (P <0.005); + difference 
.is statistically significant (P <0.003); {difference is statis- 
tically significant (P <0.005); § difference is statistically sig- 
eiificant (P <0.0005). 
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(Table VI). In group A, 231 of 381 patients (60.6 
percent) had a family history of hypertension in 
at least 1 parent, sibling or grandparent. In group 
B, 70 of 117 patients (59.8 percent) had a family 
history of hypertension. There was a significantly 
(P <0.05) greater percentage of women with a 
family history of hypertension in group B than in 
group A (81.3 percent versus 63.5 percent). There 
was no significant difference in this index between 
men in groups A and B. 

In the entire group, including both nor motensive 
and hypertensive persons (Table VII), there was 
a significantly (P <0.0005 to P <0.005) greater 
percentage of hypertensive persons in the group 
who had a family history of hypertension. Salt 
intake did not appear to affect this prevalence of 
hypertension since there was no significant differ- 
ence between subjects in groups A and B in this 
regard. 

There was no significant difference in the preva- 
lence of a family history of vascular disease (myo- 
cardial infarction or cerebral vascular accident, or 
both) or diabetes mellitus between patients in 
group A and group B. 


Discussion 


Dahl and Love’ stated that the following 3 ob- 
servations implicated sodium in the origin of es- 
sential hypertension: (1) the need for sodium in 
the production of certain forms of experimental 
hypertension; (2) the virtual absence of hyperten- 
sion among primitive races, all of whom appear to 
have a low sodium diet; and (3) the amelioration 
of hypertension in some persons by dietary restric- 
tion of sodium. Dahl and Love’ classified according 
to their habitual consumption of table salt more 
than 1,300 adults who reported for annual physi- 
cal examinations, and correlated their observa- 
tions with blood pressure determinations. They 
concluded that the “group with low salt intake 
had significantly less and the group with high salt 
intake significantly more hypertension than would 
be expected from random distribution.” This find- 
ing suggested to them that the consumption of salt 
was an important etiologic factor in the develop- 
ment of essential hypertension. 

Dahl? later reported that a direct correlation 
existed between average salt consumption and the 
prevalence of hypertension in different geographic 
areas and in different racial groups. Prior et al.’ 
showed that between 2 Polynesian population 
groups the 1 with the higher average of salt con- 
sumption had a higher prevalence of hypertension. 

These observations in man have counterparts in 
animal experiments. Meneely and colleagues™ 
showed that when the salt consumption of rats was 
increased, the incidence and severity of elevated 
blood pressure also increased. 

Salt ingestion and prevalence of hypertension: 
The present findings do not confirm the previous 
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observations in regard to the relation between salt 
ingestion and the prevalence of hypertension in 
man. There was no significant difference between 
the normotensive and hypertensive patients with 
regard to dietary salt habits. These findings are in 
agreement with the reports of Schneckloth et al.,!^ 
who showed that there were no differences in salt 
consumption among subjects with different levels 
of blood pressure, and of Whyte,!* who noted simi- 
elar blood pressure values in groups assumed to 
have differences in salt intake. 

It has previously been suggested!’ that persons 
with hypertension have an increased appetite for 
salt. The fact that the hypertensive patients and 
the normotensive patients in our study had almost 
identical habits with regard to salt consumption 
would tend to disprove this theory. It is not known 
why men, whether hypertensive or normotensive, 
tended to consume larger amounts of salt than 
women. 

Salt ingestion and severity of hypertension: Al- 
though this study indicates that there seems to be 
no relation between the prevalence of hypertension 
and dietary salt habits, excessive consumption of 
salt seemed to make hypertension more severe once 
it was present. Diastolic blood pressure greater 
than 120 mm Hg, severe hypertensive retinopathy 
(Keith-Wagener-Barker classifications 2+, 3 or 
4), roentgenographic evidence of cardiac enlarge- 
ment and electrocardiographic changes of left ven- 
tricular hypertrophy were all used as indexes of 
“severe hypertension.” There was a significantly 
greater percentage of patients with severe hyper- 
tension as defined by any of these criteria in group 
B than in group A, thus suggesting that excessive 
salt ingestion seemed to influence adversely the 
severity of hypertension once it had developed. 
Among hypertensive women, excessive salt inges- 
tion was associated with increased prevalence of 
diastolic blood pressure greater than 120 mm Hg 
and severe hypertensive retinopathy, whereas 
among men there was a significant relation be- 
tween excessive salt ingestion and the prevalence 
of hypertensive heart disease as manifested by 
electrocardiographic findings of left ventricular 
hypertrophy or evidence of cardiac enlargement 
on chest roentgenograms, or both. No explana- 
tion is apparent for this difference between the 
sexes in the way excessive ingestion of sodium 
tended to aggravate hypertensive cardiovascular 
disease, 

Because we were primarily interested in relat- 
ing salt ingestion to prevalence of hypertension, 
we elected to classify patients according to their 
life-long dietary salt habits, even though a few 
were limiting salt in their diets on the advice of 
their family physicians when they were first ex- 
amined. For those patients, severity of hyperten- 
sion at the time they were examined at the Clinic 
was also related to previous dietary salt habits, 
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even though the low sodium diets they had been 
advised to consume more recently might have 
modified the severity of the hypertension. It is 
unlikely that this would materially affect the re- 
sults for the following reasons: (1) only a few pa- 
tients were attempting to limit salt in their diet 
and these were proportionately distributed be- 
tween groups A and B; (2) experience has shown - 
that many patients do not adhere closely to a low 
sodium diet even though advised to do so; (3) it 
seems reasonable to assume that dietary sodium 
restriction would have a greater hypotensive ef- 
fect in group B than in group A so that, if any- 
thing, the differences in severity of hypertension 
observed between these 2 groups would be greater, 
not less, if some of the patients in each group had 
not been on low sodium diets. 

Although many of the patients in both groups 
were receiving antihypertensive medication (usu- 
ally including a diuretic agent) at the time they 
were evaluated at the Cleveland Clinic, it is doubt- 
ful that therapy can explain all of the highly sig- 
nificant differences in severity of hypertension be- 
tween these 2 groups. Again, it is plausible to as- 
sume that diuretic therapy would have a greater 
hypotensive effect in the patients on a high sodium 
diet (group B) than in patients consuming lesser 
quantities of sodium (group A). If this is so, 
therapy would tend to lessen, not increase the dif- 
ference in severity of hypertension between groups 
A and B. 

Hereditary and familial factors: It has been 
suggested that a genetic factor is operative in the 
development of hypertension and that the addition 
of environmental factors such as excessive salt 
consumption is responsible for unmasking this 
trait. These conclusions have been supported by 
animal experiments with the selective inbreeding 
of Sprague-Dawley rats. Two strains evolved; in 1, 
hypertension developed upon the addition of a high 
salt diet, whereas the other strain remained nor- 
motensive on the same diet, It is generally accepted 
that hereditary factors are operative in the devel- 
opment of human hypertension. Thomas!? studied 
the prevalence of hypertension in 2 successive gen- 
erations of subjects and found that the greatest 
proportion of persons with hypertension always 
occurred among subjects who had 2 hypertensive 
parents. Our study showed a greater prevalence of 
hypertension among patients with a family history 
of hypertension. There was no significant differ- 
ence in the prevalence of hypertension between the 
2 groups of salt users. 

The results of the present investigation indicate 
that family history of hypertension has a greater. 
influence on the development of hypertension in 
an individual than a history of excessive salt con- 
sumption. However, excessive salt consumption 
appears to affect adversely the severity of existing 
hypertension. > E 
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Myocardial anaerobic metabolism (lactate production) has been 
previously observed in man primarily in ischemic heart disease. 
Myocardial lactate balance was studied in severe anemia in 6 stable 
uremic patients receiving maintenance hemodialysis before and after 
transfusion. They were young, aged 21 to 31, and had no evidence of 
heart disease or angina pectoris. 

At rest, the mean extraction coefficient for lactate by the myo- 
cardium (A-V/A);, was abnormally low at —1.2 percent (range 14.3 
to —18.9 percent). Intravenous isoproterenol infusion (2 to 8 
»g/min) resulted in definite anaerobiosis in all patients, mean 
(A-V/A), —29.9 percent (range —1.5 to —76.5 percent). After 
transfusion, the extraction coefficient at rest was normal, mean 22 
percent (range 11 to 39 percent), and decreased with isoproterenol 
infusion but remained positive in 5 of 6 patients. 

Electrical pacing (mean heart rate 148 beats/min) before trans- 
fusion increased the average extraction coefficient from 5.9 percent 
at rest to 7.9 percent; after transfusion, extraction increased from 
22.9 percent to 34.3 percent. Exercise changes were not significant. 
Lactate/pyruvate ratio tended to increase from artery to coronary 
sinus during stress, before transfusion. There was improvement in 
the extraction coefficient for lactate with transfusion, without altera- 
tion of the uremic state. Cardiac index and systolic ejection rates in- 
dicated a hyperkinetic circulation at rest, increased by isoproterenol 
and exercise, and decreased by transfusion. 

Compensatory myocardial anaerobiosis may thus occur in 
physiologically stable anemic uremic patients with normal hearts and 
without development of angina. 


Myocardial metabolism in man is normally aerobic, and lactate is 
consumed as a substrate for energy production by the heart in 
proportion to its concentration in arterial blood.! Increases in de- 
mand for energy are met by an increase in coronary blood flow 
within wide limits, rather than by increased oxygen extraction. 
Anaerobic metabolism in the heart has been associated primarily 
with myocardial ischemia secondary to coronary insufficiency,?* 
and probably with marked left ventricular hypertrophy associ- 
ated with aortic stenosis. Lactate production by the normal heart 
associated with anemia has not been observed previously in man. 
In this study myocardial anaerobiosis in 6 anemic uremic patients, 
with a normal heart was shown during 1 or more stressful situa- 
tions. The negative arterial-coronary sinus ( A-CS) difference for 
lactate reverted to positive after transfusion. The production of 
lactate by the heart is associated with the development of anaero- 
bic heat; therefore, a reversal of myocardial arteriovenous diffa y 
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TABLE ! 
Clinical and Laboratory Data of Study Patients 


Hematocrit (95) 
Before After 
Case Age (yr) Trans- Trans- 
no. & Sex Diagnosis fusion fusion 
1 29M Chronic 16 24 
glomerulo- 
nephritis 
2 26M Chronic 20 26 
glomerulo- 
nephritis 
3 21F Nephro- 17 23 
phthisis 
4 31M Hereditary 21 28 
interstitial 
nephritis 
5 22M Chronic 15 25 
glomerulo- 
nephritis 
6 21M Chronic 14 21 
glomerulo- 
nephritis 


ence for lactate in the steady state may be equated 
with anaerobic metabolism.’ Thus, it is inferred 
that during moderately severe anemia, a normal 
coronary cireulation is inadequate to meet a de- 
mand for oxygen and energy substrates by flow 
alone, and the heart resorts to anaerobic energy 
production. 


Methods 


The patients were 5 men and 1 woman ranging in 
age from 21 to 31 years. Clinical data are given in 
Table I. All patients had chronic renal insufficiency of 
varying origin, and were being maintained in good 
medical condition on chronic hemodialysis (5 patients) 
or intermittent peritoneal dialysis (1 patient). Four 
of the patients were sufficiently well to continue their 
usual occupations. Only 1 (Case 6) was hospitalized 
at the time of the study; the others were admitted 
only for the purpose of the procedure. The studies 
were performed in the period after dialysis. Fully in- 
formed consent was obtained from each patient. No 
patient had ever had chest discomfort or clinical evi- 
dence suggestive of myocardial infarction or heart 
disease, Only 1 patient (Case 4) had persistent hyper- 
tension. In Case 6 the hypertension was probably re- 
lated to fluid overload (Table I). No patient had evi- 
dence of pulmonary congestion, Electrocardiograms 
showed no evidence of left ventricular hypertrophy or 
electrolyte imbalance, and chest roentgenograms re- 
vealed normal cardiac size. All patients were chroni- 
cally. anemic with hematocrit values immediately be- 
fore the study of 14 to 21 percent. 

Coronary sinus catheterization was performed using 
intramuscular meperidine, 50 mg, and promethazine 
v. Ji drochloride, 25 mg, as premedication, and 2 percent 


Usual Blood Urea 


Usual ECG ORS Cardiothoracic Donec 

Blood Voltage Ratio on Chest PET wen 3 nai TUNER 
Pressure (SV, + RV;) Roentgenogram Before After 
(mm Hg) (mm) (cm) Dialysis Dialysis 
140/90 35 12/25 85 26 
130/70 35 13/28 80 25 

90/60 30 10/24 50 15 
160/110 25 12/27 75 22 
140/80 45 12/26 65 18 
150/110 25 13/27 110 35 


lidocaine for local anesthesia. The patients fasted 
overnight. A polyethylene catheter (PE 150) was in- 
serted percutaneously into the brachial artery by the 
Seldinger technique. A no. 7 Goodale-Lubin catheter 
was introduced into the coronary sinus under fluoro- 
scopic control. A no. 6 bipolar pacing catheter was 
introduced into the right atrium by means of a 
venotomy, sometimes in the same vein as that used 
for the coronary sinus catheter. Arterial pressures 
were measured with a Statham P23Db stram gauge 
transducer and recorded with an Electronics for Medi- 
cine DR8 recorder. Cardiac output was determined in 
duplicate by the indicator-dilution method on a Gilford 
103IR and 104 densitometer and computer. Indecyanine 
green dye was injected into the coronary sinus and 
sampled through a sterile system from the brachial 
artery. Blood was returned to the patient after each 
determination. Reproducibility of the method in our 
laboratory is 5 percent from the mean. 

Lactate and pyruvate measurements were performed 
in duplieate on the arterial and coronary sinus blood 
samples drawn simultaneously into dry syringes over 
10 to 15 seconds and injected immediately into ice-cold 
10 percent perchloric acid. The lactate and pyruvate 
determinations were performed by modifications of 
enzymatic methods of Horn and Bruns? and Redetzki 
et al,? respectively. Standards were measured with 
each set of unknowns; recovery was above 95 percent, 

The protocol included 3 methods of stress, performed 
in the following order: (1) Electrically-induced tachy- 
cardia by atrial pacing carried out with a Medtronic 
5840 external pacemaker. Atrial capture of the ven- 
tricle was complete except for occasional sinus capture. 
Pacing achieved an approximately 50 percent increase 
over basal heart rate. (2) Isoproterenol, 2 to 8 ug/min, 
was infused through a superficial vein in the opposite 
arm and continued for at least 5 minutes before mea- 
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TABLE Il 
Myocardial Lactate and Pyruvate Balance in Response to Stress Before and After Transfusion 
| : 
' Before Traasfusion After Transfusion 
* La La-v  (A-V/A)u Pa Pay L/PA L/Pcs La La-y  (A-V/A)r Pa Pa-v L/P  L/Pes 
Mean 
R 0.57 0.06 5.9 0.07 0.00 8.9 8.2 0.78 0.34 22.9 0.08 0.02 11.2 13.2 
Tachy 0.60 0.06 7.9 0.08 0.02 9.3 11.6 0.81 0.24 34.3 0.08 0.02 10.9 10.0 
eP value 
R, tachy NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
Mean 
R 0.53 —0.01 —1.2 0.06 0.02 8.9 13.4 0.73 0.17 22.0 0.06 0.01 12.4 8.7 
Iso 0.90 —0.27 —29.9 0.08 —0.01 10.9 13.4 1.18 0.10 5.0 0.08 0.00 27.3 14.7 
P value 
R, iso <0.05 <0.02 <0.05 NS NS NS NS NS NS <0.05 NS NS NS NS 
Mean 
R 1.09 0.02 4.5 0.08 —0.02 15.3 10.9 0.70 0.11 9.6 0.09 0.01 30.6 11.9 
E 2.46 0.06 2.4 0.12 0.03 21.8 26.3 2.78 0.57 19.2 0.13 0.02 33.6 25.9 
P value 
R, E «0.05 NS NS NS NS NS NS NS NS NS NS NS NS NS 


(A-V/A),, = extraction coefficient for lactate (905); E = exercise; Iso = isoproterenol; La = arterial lactate (mm/liter); LA-y = coronary 
arteriovenous difference for lactate (mm/liter); L/P, = lactate/pyruvate concentration in arterial blood; L/Pcs = 


lactate/pyruvate 


concentration ratio in coronary sinus blood; P4 = arterial pyruvate (mm/liter); PA-y = coronary arteriovenous difference for pyruvate 


(mm|/liter). 


surements were made. An increase in heart rate of 30 
to 50 percent above the basal rate, with narrowing of 
the arterial pulse contour, was the usual end-point. 
(3) Exercise was performed on a bicycle ergometer 
in the supine position by 4 of the 6 patients and was 
continued for 5 minutes before measurements were 
begun. 

During each physiologic state, phasic and mean 
(electronically derived) arterial pressures were re- 
corded, cardiac output was measured and arterial and 
coronary sinus blood samples were obtained for lac- 


TABLE III 


tate and pyruvate analysis. Measurements were made 
atleast 5 minutes after achievement of a stable hemo- 
dynamic state, as judged by stabilization of heart rate 
and blood pressure. A control resting state preceded 
each stress intervention; 15 minutes were allowed be- 
tween the end of each test period and the next control 
period. Lead II of the electrocardiogram was constantly 
recorded. Blood for oxygen analysis was not collected 
because of the concern over excessive phlebotomies. 
All the patients received a transfusion of 500 ml of 
fresh packed red cells over 90 minutes, and the entire 


Hemodynamic Response to Tachycardia, Isoproterenol and Exercise Stresses Before and After Transfusion 


Before Transfusion 


HR Cl PTM 

Mean 

R 92 4.0 2875 

Tachy 148 3.3 3704 
P value 

R, tachy <0.02 NS <0.02 
Mean 

R 100 4.1 3176 

Iso 133 5.3 2766 
P value 

R, Iso «0.01 «0.02 NS 
Mean 

R 96 3.9 1895 

E 129 5.8 4129 
P value 

SE NS « 0.02 NS 


After Transfusion 
SER HR CI PTM SER 

152 96 3.5 3587 133 
109 145 3.5 4051 116 
«0.05 «0.01 NS «0.05 «0.02 
143 93 3.6 3572 140 
199 139 6.7 3720 179 
«0.05 «0.01 «0.01 NS «0.05 
150 99 3.0 3733 119 
176 127 5.3 4905 135 
NS NS NS 


Cl = cardiac index (liters/min per m?); HR = heart rate (beat/min); PTM = pressure time per minute (mm Hg sec/min); SER E 


M 


systolic ejection rate (ml/sec per m?). Other abbreviations as in Table Il. 
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protocol was repeated. The rate of the induced electri- 
cal tachycardia was maintained as close as possible to 
that of the state before transfusion, as was the in- 
fusion rate of isoproterenol. 
In addition to the measured hemodynamic param- 
eters, systolic ejection rate index (stroke index di- 
vided by systolic ejection period) and pressure-time 
per minute (arterial systolic mean pressure times 
systolic ejection period times heart rate) were calcu- 
lated using at least 6 beats in each experimental 
period. These indexes are related, albeit indirectly, to 
the energy requirements of the heart.!^.!! 

Data were analyzed for paired differences using 
Student's f test.!? 


Results 


Mean lactate and pyruvate balance data are 
given in Table IT, and the mean hemodynamic 
changes produced by the 3 stresses in Table ITI. 

Hematocrit: The average hematocrit before 
transfusion was 17.1 percent (range 14 to 21) and 
after transfusion was 24.5 percent (range 21 to 
28). 

The arterial lactate concentration at rest in- 
creased after transfusion in 8 of 15 experimental 
periods. The lactate concentration of the trans- 
fused blood averaged 8.0 mM/liter in 3 test sam- 
ples. | 


Extraction Coefficient for Lactate 


Isoproterenol (Fig. 1): During the control pe- 
wit before transfusion, the mean extraction co- 





AFTER Tx 
ISOPROTERENOL 


Figure 1. Myocardial lactate extraction 
percentage, at rest and during isoproter- 
enol infusion. Open symbols, before trans- 
fusion (Tx); closed symbols, after trans- 
fusion. The dashed horizontal line at 10 
percent extraction represents the lower 
limit of normal extraction." 


efficient for lactate (A-V/A); was —1.2 percent 
(range 14.8 to —18.9 percent). In 5 of the 6 
studies, the extraction was less than 10 percent. 
During infusion of isoproterenol, lactate was pro- 
duced by the heart in all patients, the extraction 
coefficient ranging from —12.9 to —76.5 percent 
(mean —29.9 percent). This increase in lactate 
production was statistically significant (P <0.05). 
After transfusion, there was marked improve- 
ment, with increase in the lactate extraction in all 
6 subjects. At rest the mean extraction coefficient 
was now 22.0 percent (range 11.0 to 39.3 percent), 
and no patient produced lactate. Isoproterenol in- 
fusicn given at the same rate as before transfusion 
produced a similar hemodynamic response, in- 
creasing the heart rate an average of 33 beats/min 
before and 46 beats/min after transfusion. The 
mean lactate extraction decreased to 5.0 percent 
(17.5 to —2.6 percent), but only 1 patient produced 
lactate. 

Arterial lactate increased significantly (P 
<0.05) from 0.53 mM/liter at rest to 0.90 mM/ 
liter during isoproterenol infusion. A similar ab- 
solute rise after transfusion, 0.73 to 1.18 mM/liter, 
was not statistically significant. 

Tachycardia: Before transfusion, during the 
resting period, the mean myocardial lactate extrac- 
tion coefficient was —5.9 percent. Lactate extrac- 
tion was greater than 10 percent in 3 of 6 patients, 
whereas 2 patients produced lactate. With electri- 
cally induced tachycardia sufficient to raise the 


heart rate by an average of 56 beats/min, the ex- 
traction increased in 4 patients, although 2 pa- 
tients produced lactate. The heart was paced at a 
similar rate after transfusion in 5 patients. The 
mean extraction coefficient increased slightly from 
22.9 percent at rest to 34.3 percent during tachy- 
cardia, This increase represented a change to nor- 
mal extraction in 4 of the 5 patients compared to 


the change with tachycardia before transfusion. 
e However, these results were not statistically sig- 


nificant. Arterial lactate concentration was un- 
changed during tachycardia, compared to the con- 
centration in the prior resting period (0.57 to 0.60 
mM /liter). 

Exercise: Before transfusion, the mean myo- 
cardial lactate extraction coefficient at rest was 
4.5 percent (8.7 to —1.0 percent); 1 patient pro- 
duced lactate. Exercise was sufficient to raise the 
heart rate an average of 33 beats/min and the 
mean cardiac index from 3.0 to 5.3 liters/min per 
m°. The mean extraction coefficient was not signifi- 
cantly changed at 2.4 percent (range 20.8 to —22.4 
percent). Two patients increased their myocardial 
lactate extraction, 1 remained unchanged, and 1 
patient produced lactate. Exercise after transfu- 
sion was performed in 3 patients: the mean extrac- 
tion coefficient increased from 9.6 percent in the 
control state to 19.2 percent during exercise. 


28 


24 


20 


LACTATE/PYRUVATE RATIO 


Figure 2. Lactate/pyruvate (L/P) ratios 
during stress induced by electrically-in- 
duced tachycardia or isoproterenol infu- 4 
sion, before and after transfusion. The 
rise in the L/P ratio from artery (A) to 
coronary sinus (CS) during stress before 
transfusion was statistically significant 
compared to the resting state (P <0.025). 
Triangles — tachycardia; circles — iso- 
proterenol; open symbols — resting state; 
closed symbols — during stress. 


Servet 112247 AA AnA AU ë LAYA 


BEFORE TRANSFUSION 
REST STRESS REST 


z DUST CN" Tm SY NAT CAY* " = F "7 a =~ o r a ee -— a} ek m T 
FATTER DREIN a ra ae TR 7T] is ea ERS: 


MYOCARDIAL ANAEROBIOSIS IN ANEMIA 


Lactate/Pyruvate Ratios | 
Isoproterenol: The mean transmyocardial lac- 
tate/pyruvate ratio increased from 8.9 to 13.4 
during the resting period, and from 10.9 to 
13.3 during isoproterenol infusion. However, 
these changes were not statistically significant 

(P <0.20). 

Tachycardia: The lactate/pyruvate ratio (Fig. 
2) was unchanged from arterial to coronary sinus 
blood in the resting state (8.9 to 8.2, respectively) 
and did not increase significantly across the heart 
during tachycardia (7.9 to 11.6). 

Exercise:  Lactate/pyruvate ratios did not 
change in predictable fashion between arterial and 
coronary sinus blood in either resting or exercise 
periods, whereas the mean arterial lactate in- 
creased significantly (P <0.05) from 1.09 to 2.46 
mM/liter during exercise. | 

The change in lactate/pyruvate ratio from ar- 
terial to coronary sinus blood was not significant © 
in any experimental subgroup, presumably because 
the number of studies may have been too few. 
When all groups were combined, the change in lac- 
tate/pyruvate ratio in response to stress increased 
significantly (P <0.01) before transfusion but not 
after transfusion, The transmyocardial increase in 
lactate/pyruvate ratio during stress was signifi- 
cant (P <0.025) also when only the tachycardia 
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and isoproterenol stress studies were grouped 
(Fig. 2). 


Hemodynamics (Table Ill) 


The findings were consistent with previous 
studies of anemia.'!* Before transfusion, the 
mean cardiac index was elevated at 4.1 liters/min 
per m? and increased further to 5.8 and 5.3 liters/ 
min per m? during exercise and isoproterenol in- 
fusion, respectively, but did not change signifi- 
cantly with electrically-induced tachycardia. After 
transfusion the resting cardiac index returned to 
the normal range except for 1 patient in whom it 
remained increased. 

The mean pressure time per minute increased 
during exercise and electrically induced tachycar- 
dia by 117 and 29 percent, respectively, before 
transfusion, and by 31 and 13 percent respec- 
tively after transfusion. These smaller percent- 
age increases in pressure time per minute after 
transfusion were, however, associated with greater 
absolute values for this index than before trans- 
fusion. Therefore, the stress induced was at least 
as great after as before transfusion. 

The mean systolic ejection rate increased with 
exereise before and after transfusion, but the 
number of studies was too small for statistical sig- 
nificance. During electrical tachycardia, mean sys- 
tolic ejection rate decreased significantly before 
(P <0.05) and after (P <0.02) transfusion. Dur- 
ing isoproterenol infusion the systolic ejection rate 
increased by 24 percent before transfusion and 28 

percent after transfusion. This effect of isopro- 
terenol was accompanied by insignificant changes 
in the pressure time per minute before and after 
transfusion. 


Discussion 


Normal myocardium depends almost exclusively 
for energy production on aerobic metabolism of a 
variety of substrates by mitochondria, with con- 
sumption of oxygen. Several methods of demon- 
strating anaerobiosis have been proposed, includ- 
ing transmyocardial blood lactate/pyruvate ra- 
tios,!^ excess lactate!*® and myocardial lactate pro- 
duction.! It may be difficult to maintain a constant 
arterial lactate concentration, which is required to 
permit interpretation of change in lactate/pyr- 
uvate ratios? Furthermore, studies of lactate and 
pyruvate kinetics in isolated perfused hearts have 
demonstrated a difference in the relative efflux 
rates of these substances. Theoretical and practi- 
cal difficulties render the excess lactate concept 
tenuous.?.*.1? Thus, myocardial lactate production 
is probably the most practical means available for 
estimating myocardial anaerobiosis in vivo, espe- 
cially when arterial lactate concentrations are al- 
tered.! Neill and Huckabee’ have shown that myo- 

cagsdial lactate production is linearly related to 
SS fiaerdbic heat production. This is true whether or 
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not hypoxia is present, as demonstrated by in- 
creases in coronary lactate/pyruvate ratio. 

Normally, oxygen uptake by heart muscle is pro- 
vided by the extraction of oxygen at a given level 
of coronary blood flow. Increased demand for oxy- 
gen is normally met by increases in coronary flow, 
rather than by increased extraction.”° The limits 
of this flow-regulated system for oxygen delivery 
to the myocardium have not been explored. An- 
aerobic metabolism of the myocardium has been, 
demonstrated previously in man, generally under 
conditions in which coronary flow was limited. 
Krasnow and Gorlin? first demonstrated a high in- 
cidence of abnormal lactate metabolism (less than 
10 percent extraction) in patients with coronary 
insufficiency compared with subjects who had 
heart disease but not angina pectoris. An abnor- 
mal lactate response to exercise or isoproterenol? 
has been correlated with the presence of coronary 
artery disease proved angiographically.®* Neill? 
showed that electrically induced tachycardia or 
moderate systemic hypoxia?! in subjects with coro- 
nary artery disease produced a rise in the lactate/ 
pyruvate ratio of eoronary sinus blood compared 
to arterial blood. He interpreted these changes as 
indicative of myocardial tissue hypoxia. 

Anaerobiosis without ischemic heart disease: 
It is highly unlikely that the observed abnormali- 
ties in lactate metabolism in these patients were 
caused by obstructive coronary heart disease. The 
patients were under age 31 years and had no chest 
pain suggestive of angina pectoris or electrocar- 
diographie evidence of myocardial infarction. 
There was minimal or no hypertension, and heart 
size by X-ray examination was normal. One pa- 
tient died of pulmonary hemorrhage 2 weeks after 
the study, and had a normal heart and coronary 
arteries at autopsy. 

It is therefore concluded that patients with nor- 
mal coronary vessels and stable, normal cardiac 
function utilized anaerobie metabolism as an ad- 
justment to inadequate oxygenation due to the 
anemia of uremia. There was evidence of subnor- 
mal or reversed extraction of lactate at rest and 
evidence of definite anaerobic metabolism during 
the stress of isoproterenol in all 6 subjects. The re- 
sults with exercise or tachycardia were more vari- 
able, although myocardial lactate was produced 
om some occasions with these stresses also. The 
change in lactate/pyruvate ratio from arterial to 
coronary venous blood was not significant in the 
control state but increased significantly (P <0.01) 
during stress (Fig. 2). After transfusion, there 
was no significant change in lactate/pyruvate ra- 
tio during stress. The rise in lactate/pyruvate ra- 
tio with stress suggests that the anaerobic heat as- 
sociated with lactate production was accompanied 
by tissue hypoxia rather than aerobic glycolysis.” 

Cardiac performance: When hypoxic stress has 
produced anaerobiosis in experimental animals, 
the stress has usually been extreme"??? and asso- 
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ciated with hemodynamic evidence of left ventricu- 
lar failure.?*?9 Similarly, in subjects with coronary 
artery disease an increase in left ventricular end- 
diastolic pressure occurs as stress induces an- 
gina.’ In our subjects, gross cardiac performance 
was*normal despite evidence of resting or stress- 
induced anaerobiosis, or both. Cardiac index and 
systolic ejection rate were high at rest and in- 
creased normally with exercise.28 The heart was 
not enlarged and wedge pressure was normal at 
rest in the 2 patients in whom it was measured. It 
is therefore likely that the chronic anemic state did 
not lead to gross uncompensated cardiac dysfunc- 
tion although more detailed ventricular hemody- 
namics would be necessary to prove this point. 

Physiologic correlation: The question remains 
whether the biochemical abnormality demon- 
strated in the present anemic subjects has any 
physiologic importance in these well-rehabilitated 
uremic patients. These patients were part of a 
larger group of 11 young anemic subjects with 
renal failure who performed a double Master ex- 
ercise test, of whom 6 had abnormal results, ac- 
cording to the criteria of Mattinglv.?? Three of 
these patients with abnormal test findings re- 
peated the test at a higher hematocrit level, and 
all findings returned to normal (unpublished ob- 
servation). In no instance was chest pain associ- 
ated with the electrical abnormality, although one 
can assume that the lactate balance had become 
negative in some of these patients.*° Thus, it is 
likely that the myocardial lactate production in- 
duced in the laboratory by isoproterenol is paral- 
leled by the electrophysiologic abnormalities of ex- 
ercise as exemplified by the abnormal results of the 
Master exercise test. 

Role of chronic uremia: The significance of the 
uremic state in the genesis of the anaerobic car- 
diac metabolism is not certain, although the im- 
provement in lactate metabolism after transfusion 
would suggest that this factor is not a critical de- 
terminant. It was not possible to study a compa- 
rable control group of young anemic subjects with- 
out uremia. Studies in vitro of the effect of uremic 
sera on mitochondrial metabolism give conflicting 
results.?!-?3 No elevation of blood lactate, pyruvate 
or lactate/pyruvate ratio has been demonstrated in 
chronic uremia,?*?9 and changes in blood levels of 
Kreb cycle metabolites were variable. In any event, 
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the major finding in this study is that anaerobic 
metabolism by the heart may occur under condi- 
tions other than ischemia. Uremia as a potential 
factor added to the anemia would not negate this 
conclusion. 

Isoproterenol versus tachycardia stress:  Iso- 
proterenol in moderate dosage induced myocardial 
lactate production consistently in these patients, 
whereas tachycardia and exercise were less useful. 
Baker and co-workers’? noted more consistent evi- 
dence for anaerobiosis with tachycardia compared 
with isoproterenol when subjects with coronary 
artery disease were studied. In our study, myocar- 
dial energy demand as reflected by changes in pres- 
sure time and systolic ejection rate indexes were 
balanced during electrical tachycardia, that is, 
pressure time per minute increased by 32 percent 
and systolic ejection rate decreased by 28 percent. 
During isoproterenol infusion, the decrease in 
pressure time per minute was small, 13 percent, 
whereas systolic ejection rate increased markedly, 
39 percent, Although the distribution of energy re- 
quirement between pressure generated and fiber 
velocity is not known, the energy demand during 
isoproterenol infusion in this study may have been 
greater than during tachycardia. One could specu- 
late that in our patients the coronary vasculature 
had already approached the limit of physiologic 
vasodilatation; further dilatation secondary to 
beta adrenergic stimulation may therefore have 
been ineffective in meeting the inotropic load im- 
posed by the catecholamine. In patients with coro- 
nary artery disease, the inotropic stress of isopro- 
terenol may be partly offset by vasodilatation with 
an increase in coronary flow to marginally per- 
fused myocardium. Also, anemic hearts are prob- 
ably more uniform in production of lactate, 
whereas regional lactate production in coronary 
artery disease may be obscured by the isoproteren- 
ol-induced increase in flow to the nonobstructed 
areas. 
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‘Concentration and Its Hemodynamic Effects 


The relation between myocardial digoxin concentration and its hemo- 
dynamic effects in the same animal was studied in 23 open chest 
anesthetized dogs with intact circulations given digoxin, 0.08 mg/kg 
body weight (0.04 mg/kg ?H-digoxin) intravenously. During the suc- 
ceeding 5 to 240 minutes, hemodynamic measurements were made, 
and plasma and myocardial ?H-digoxin concentrations were deter- 
mined. At 5 minutes there was no change in left ventricular dp/dt or 
right ventricular contractile force, but at 15 minutes 33 to 66 percent 
of peak positive inotropic effect was observed. Peak effect occurred 
at 60 minutes for the left ventricle, and at 180 minutes for the right 
ventricle. In contrast, myocardial *H-digoxin concentration increased 
more rapidly with 50 percent of maximal ventricular concentration 
present at 5 minutes and near maximal concentration reached at 15 
minutes. Thus, the hemodynamic effects of digoxin lagged behind the 
myocardial *H-digoxin concentration. This finding suggested that the 
total myocardial *H-digoxin concentration was not the only determi- 
nant of the rate of onset and development of the inotropic effects of 
digoxin. Other possible determinants are discussed. An additional ob- 
servation was the difference in distribution of ?H-digoxin in the vari- 
ous parts of the heart and skeletal muscle. Right ventricular ?H-di- 
goxin concentrations were 78.2 percent, atrial concentrations 44.9 
percent, and skeletal muscle concentrations 12.9 percent of left 
ventricular concentrations, which were about the same as those of 
the interventricular septum. One possible explanation offered for this 
observation is differences in blood flow to the various parts of the 
myocardium. 


In an attempt to understand the complex circulatory action of the 
cardiac glycosides, recent studies have described the kinetics of 
the absorption, tissue distribution, metabolism and excretion of 
radioactive digitalis preparations in man and dogs,'-* and Doherty 
has recently reviewed this subject.? None of these studies have 
attempted to correlate the relation between myocardial *H-digoxin 
concentration and its hemodynamic effects. Although experiments 
utilizing isolated preparations of animal hearts have examined 
this relation,!?-* the results of these studies are difficult to apply 
to the intact animal or man. Therefore, the experiments described 
in this paper were designed to investigate the relation between 
the myocardial concentration of *H-digoxin and its hemodynamic. 
effects in the same dogs with an intact circulatory system. 2 
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Methods 


Twenty-three mongrel dogs (9 to 15 kg) were anes- 
thetized with a mixture of alpha-chloralose and ure- 
thane, 85 and 625 mg/kg body weight, respectively. 
Supplemental anesthetic was administered when corneal 
reflexes were noted, The animals were intubated with a 
cuffed endotracheal tube and ventilated with a Harvard 
respirator supplying humidified room air. Arterial 
blood samples were analyzed frequently, utilizing a 
model AME-1 Astrup microapparatus, and the tidal 
volume and respiratory rate were adjusted to maintain 
blood pH at 7.40 + 0.05 and pO. above 80 mm Hg. 


Physiologic Measurements 


After the chest was opened through a midline sterno- 
tomy, instruments were inserted for physiologic mea- 
surements. Pressures were measured in the descending 
aorta through a PE-260 catheter introduced by way of 
the left femoral artery. Left ventricular pressure was 
monitored by means of a 35 cm stiff-wall PE-260 
catheter introduced into the left ventricle by way of 
the left carotid artery. The aortic and left ventricular 
catheters were connected to Statham P23Db trans- 
ducers, and pressures were recorded on a multichannel 
Beckman Model R direct-writing oscillograph. The rate 
of change of the left ventricular pressure (dp/dt) was 
recorded directly from the left ventricular pressure 
curve by means of a resistance-capacitance (R-C) dif- 
ferentiator. The manometer catheter system was cali- 
brated by a transient analysis described by Hansen!5 
and had a natural frequency of 20 cycles/sec and a 
critical damping fraction of 0.16, which is adequate to 
record accurate intracardiac pressure measurements.!6 
The frequency response of the R-C differentiator to a 
triangular wave was determined to be linear and flat 
to 30 cycles /sec. 

Pressures were measured in the right atrium by 
means of a PE-260 catheter introduced by way of the 
left femoral vein. Left atrial pressure was recorded 
through a PE-260 flange-tipped catheter introduced 
directly into the left atrium through a stab wound in 
the left atrial appendage. The atrial catheters were 
connected to a saline manometer, and direct readings 
were made in millimeters of water and converted to 
millimeters of mercury pressure, A catheter was placed 
into the inferior vena cava by way of the right femoral 
vein for infusion of fluids and ?H-digoxin. 

Cardiac contractile force was measured with a 
Honeywell strain gauge arch sutured to the anterior 
wall of the right ventricle and stretched to yield maxi- 
mal tension readings. Mean aortic blood flow was mea- 
sured with a gated sine wave electromagnetic flowmeter 
(Biotronex Laboratory, Silver Spring, Md.). The aortic 
flow probe was placed around the ascending aorta distal 
to the eoronary arteries. Each aortic flow probe was 
calibrated using a flow simulator. Pacemaker electrodes 
were attached to the right atrium, and the heart was 
paced at a rate of 180 to 220/min with a Grass Model 
54 stimulator. These rapid pacing rates were those 
necessary to obtain complete capture. Aortic and left 
ventricular pressures, left ventricular dp/dt, right 
ventricular contractile force, aortic flow and lead II of 
the electrocardiogram were recorded continuously on 
the Beckman Model R direct-writing oscillograph. 

w, ATter instrumentation, the animals were volume- 
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loaded with 8 ml/kg of 6 percent Dextran-70, and 
throughout the study were given supplemental amounts 
as necessary to maintain a constant left atrial pressure. 
Normal saline solution was also administered at a con- 
stant rate of 60 ml/hour by a Sigmamotor Model TM 
204 infusion pump. Animals were allowed to stabglize 
for 1 hour before study. Nineteen dogs were given 
digoxin, 0.08 mg/kg, half of which was *H-digoxin (144 
pc/mg),* intravenously over 30 seconds, and 4 dogs 
served as controls and did not receive digoxin. Physio- 
logic measurements and heparinized blood samples were 
taken at 15, 30, 60, 120, 180 and 240 minutes. All dogs 
in the control group were sacrificed at 240 minutes. 

After completing the study of dogs killed at 15, 60, 
120 and 240 minutes, we studied another group of 4 
dogs at 5 minutes after administration of digoxin, 
to define more clearly the relation between myocardial 
3H-digoxin concentration and the onset of its hemo- 
dynamic effects. The instruments and study pro- 
cedures were as previously described. 

Systemie vascular resistance was determined by 
dividing the mean aortic pressure by the cardiac out- 
put. Stroke volume was determined by dividing the 
mean cardiac output by the heart rate and is expressed 
in milliliters per beat. 


Biochemical Analyses 


The heart and skeletal muscle from the righ hind 
limb were removed from each dog, blotted dry, and 
frozen. Quadruplicate samples of the left ventricle, in- 
terventricular septum, right ventricle, atria and skeletal 
muscle of each dog were weighed, then homogenized 
in a Virtis homogenizer using chloroform and ethanol. 
Tritiated digoxin was extracted by shaking with 20 
percent ethanol in chloroform, and the mixture was 
then filtered. The supernatant was evaporated to dry- 
ness, and the residue taken up in 0.2 ml of absolute al- 
coho] and then 10 ml of a counting solution, 8 g of 
2.5-diphenyloxazole (POP) and 0.1 g dimethyl 1,4 bis- 
2(4- methyl - 5 - diphenyl - oxazolyl- benzene) (dimethyl 
POPOP) dissolved in 1 liter of toluene, was added. All 
samples were counted in a Packard Tri-Carb liquid scin- 
tillation spectrometer, at an efficiency of 35 percent, to 
accumulate at least 5,000 counts. Correction for quench- 
ing, which averaged less than 10 percent, was done by 
the addition of tritiated toluene. Previous stucies in 
cur laboratory indicated that additional extractions 
with chloroform-ethanol or use of alumina columns did 
not significantly affect the recovery of tritiated di- 
goxin. 

Extracts of myocardial tissue from animals sacri- 
ficed at 240 minutes were subjected to thin layer chro- 
matography to determine whether the tritium mea- 
sured was attached to digoxin or one of its metabolites. 
These extracts were prepared as discussed in the pre- 
vious paragraph with the addition of nonradioactive 
digoxin, digoxigenin mono-digitoxiside, digoxigenin 
bis-digitoxoside, digoxigenin and dihydrodigoxigenin 
as carriers, They were spotted on Brinkman sil ca gel 
F-254, containing ealeium sulfate as binder and an 
ultraviolet indicator. The chromatograms were de- 
veloped 4 times to a height of 15 em above the origin, 
using the ascending technique with methyl isobutyl 


* Kindly supplied by Stanley T. Bloomfield, MD, of Bur- 
roughs Wellcome and Co., Inc., Tuckahoe, N. Y. 
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ketone, isopropyl ether and n-butanol in a ratio of 
8:6:1. This procedure resulted in a clear-cut separa- 
tion of digoxin from each of its metabolic products. 
The chromatographic plates were then sprayed with 
20 percent p-toluenesulfonic acid in methanol and 
heated at 100C for 10 minutes before being scanned 
under ultraviolet light. The fluorescent spots were 
recovered from the plates by extraction of the glyco- 
sides with 95 percent ethanol. These extracts were 
placed into counting vials, evaporated to dryness, re- 
dissolved in 0.2 ml of absolute alcohol and, after addi- 
tion of counting solution, were counted as previously 
described. The chromatograms of the extracts of myo- 
cardial tissue obtained from the 240 minute animals 
showed that over 90 percent of the radioactivity 
traveled with the nonradioactive carrier, digoxin. 
Therefore, “digoxin” hereafter refers to both digoxin 
and its metabolites. 

Plasma levels of radioactive digoxin were deter- 
mined by adding 1 ml of plasma to 10 ml of 95 percent 
ethanol and shaking the solution for 10 minutes. After 
centrifugation at 2,200 revolutions per minute for 
10 minutes, the supernatant was transferred to count- 

_ ing vials. The precipitate was re-extracted with 95 per- 
cent ethanol, and the 2 supernatants were combined. 
The mixture was evaporated to dryness, and the resi- 
due was reconstituted with absolute alcohol. After the 
addition of counting solution, scintillation counting 
was performed. Further extraction with 95 percent 
ethanol did not affect recovery of ?H-digoxin. 

Plasma sodium and potassium levels were deter- 
mined by flame photometry. Myocardial samples were 
wet-ashed in concentrated nitric acid until fully di- 
gested, diluted to volume, and then sodium and po- 
tassium content was measured by flame photometry. 
Plasma creatinine values were determined by auto- 
analyzer using a modification of the  Folin-Wu 
method.!! None of these indexes changed significantly 
during the study. 


TABLE ! 


MYOCARDIAL DIGOXIN CONCENTRATION AND HEMODYNAMICS 
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Figure 1. Percentage changes + SEM of left ventricular (LV) 
dp/dt for control (open circle) and experimental (closed 
circle) groups. Numbers in parentheses represent the num- 
ber of observations at each time. 


Statistical Analyses 


The hemodynamic and tritiated digoxin data were 
evaluated for statistical significance by using an IBM 
36/50 computer programmed to calculate means and 
standard errors and to perform paired t test analysis. 
Each set of hemodynamic data obtained after ad- 
ministration of digoxin was compared to the set ob- 
tained just before administration (zero time) in the 
individual dogs; the absolute and percentage differ- 
ences were calculated, and the statistical significance 
of the data was determined. The same analysis was 
performed for the 4 control animals, Tritiated digoxin 
data were analyzed using both paired and unpaired 
t tests. 


Absolute Values of Left Ventricular dp/dt and Right Ventricular Contractile Force 


Experimental Group 


Control Group 


LV dp/dt LV dp/dt 
Time (mm Hg/sec RVCF (mm Hg/sec RVCF 
(min) no.* + SEM) (units + SEM) no.* + SEM) (units + SEM) 
0 19 6257 + 493 14.82- 1.3 4 7175 + 1816 13.324- 1.4 
15 Ae 7350 + 4701 17.7 3: 1.61 7050 + 1850 12.323: 1.7 
14 6128 4- 542 13.8+1.3 we n. 
30 e. 7371 + 4951] 16.5 1.61 7250 + 2034 12.32- 1.3 
60 "Ra 7786 + 45714 17.6 1.81// 7500 + 1977 12.8+1.4 
8 6419 + 759 14.4+1.9 a irt. 
120 nists 7684 + 7761 19:9: 3.3f 6275 + 1643+// 11.8+ 1.0 
4 5088 + 208 9.5+1.0 ue aha 
180 TT 6008 + 172+ 13.5 Æ 0.67 6787 + 1705 12.53: 1.3 
240 Pos 5593 + 131+ 12.8+0.5 6225 + 1676 12.8+1.4 


* Number of dogs studied at zero time which were used in performing a paired t test for the succeeding time intervals. t P <0.05 
significance compared to zero time; 1 P <0.01 significance compared to zero time; // P «0.05 significance compared to 15 minutes; 


* P «0.01 significance compared to 15 minutes. 
LV = left ventricular; RVCF = right ventricular contractile force. 
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TABLE |l 





Left Ventricular, Aortic and Right Atrial Pressure Measurements (mm Hg + SEM) 








Experimental Group 





Control Group 


Time ; ‘ LR RE eS Ia : gue. f 
(min) no.* LVS Ao S Ao D Ao M RA M no.* LVS Ao S Ao D AoM RA 9 
0 19 1562-5 15446 10344 12144 4.202 4 167417 15€—11 %+11 115-11 4.5+0.3 
15 Oe 165+ 4t 199+5¢ 107-4 À 12504 3.940.2f 1632-15 1453 12.. WEB  113-:13 450.2 
14 15726 3155—6 104-4 122-25 4.20.3 és 5. age? e Ad 
30 1642-5 3160-6 10744 124405 4.10.3 166+18 146+16 94412 1162-13 4.7+0.3 
60 ah 1699+5 159+5 102-4 12044 4.30.3 169--15 194414 99+11 199+11 4.7+0.3 
8 1542-4 15646 105+5 1224-5 4.60.4 a kf. Mo xd zu 
120 xd 160-5 16046 10145 1194-5 5.1+0.4; 1582-16 1492-19 101413 121413 4.20.3 
4 1532-9 14548 1030-9 12049 3.8+0.3 e s dii AN "n ree 
180 v 1622-7 1474 982-8 1194-9 4.60.7 1562-18 151-14 98+10 118411 4.6+0.2 
240 a 1592-6 145+ 10  À 99-10 1162-9 4.924- 0.51 1502-15 147411 928 117 45+0.2 





* Number of dogs studied at zero time which were used in performing a paired t test for the succeeding time intervals; + P <0.05 
significance compared to zero time; 1 P «0.01 significance compared to zero time. 
Ao = aortic; D = diastolic; LV = left ventricular; M = mean; RA = right atrial; S = systolic. 


Results 


Hemodynamic data: The absolute values for 
left ventricular dp/dt are presented in Table I, 
and the percentage changes of dp/dt are shown 
in Figure 1. In the experimental group, there was a 
significant inerease in dp/dt at 15 minutes (P 
«0.01) and throughout the 240 minutes after ad- 
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30 (14) 


20 (19) 


(4) 
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O 15 30 60 120 180 240 
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Figure 2. Percentage changes + SEM of right ventricular 

(R.V.) contractile force for control (open circle) and experi- 

mental (closed circle) groups. Numbers in parentheses rep- 

resent the number of observations at each time. 
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ministration of digoxin; in the control group, left 
ventricular dp/dt was unchanged during the first 
60 minutes and then gradually decreased during 
the remainder of the experiment. The percentage 
changes from zero time in the left ventricular 
dp/dt of the experimental group were +21.1 + 4.4 
percent at 15 minutes, +32.6 + 6.3 percent at 60 
minutes, +22.3 + 6.0 percent at 120 minutes and 
+10.2 + 2.3 percent at 240 minutes. In the con- 
trol group, left ventricular dp/dt percentage 
changes from zero time were not significantly dif- 
ferent at 15 and 60 minutes (—2.0 + 3.5 percent 
and +3.9 + 5.5 percent, respectively) but were 
slightly lower at 120 and 240 minutes (—12.8 + 
2.5 percent and —13.6 + 5.5 percent, respec- 
tively). At 60 minutes the left ventricular dp/dt of 
the experimental group was significantly higher 
than at 15 minutes (P —0.01). 

The absolute values for right ventricular con- 
tractile force are shown in Figure 2. It was signifi- 
cantly increased in the dogs that received digoxin 
but essentially unehanged in control animals. The 
percentage changes from zero time in the experi- 
mental group were -+15.9 + 3.3 percent at 15 min- 
utes, +29.3 + 6.9 percent at 60 minutes, +40.1 
+ 12.0 percent at 120 minutes and +39.4 + 17.6 
percent at 240 minutes. At 60 minutes, right ven- 
tricular contractile force of the experimental 
group was statistically higher than at 15 minutes 
(P <0.02). At 120 and 240 minutes, the per- 
centage changes were 215 times higher than at 15 
minutes. 

Aortie and left ventricular pressure measure- 
ments are presented in Table II. These remained 
unchanged in both the experimental and control 
groups, except for a slight rise in values for aortic 
systolic and left ventricular pressure at 15 min- 
utes in the experimental group. Right atrial pres- 
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TABLE Ill 


Cardiac Output, Stroke Volume and Systemic Vascular Resistance 





Experimental Group 


Control Group 


Time 
(mn) no.* CO SV SVR co SV SVR 
0 19 1417 + 80 7.32- 0.5 89 4- 5 1781 + 371 8.5+1.5 79 + 25 
15 ed 1378 + 77 6.9+ 0.5 90 4- 7 1675 + 295 8.1+ 1.3 79+ 24 
14 1392 + 104 7.2 0.6 93+ 6 eda A Kio 
e 30 1311 + 95+ 6.8+ 0.5+ 102 + 8+ 1840 + 371 8.8+1.6 77 + 24 
60 Ub. 1233 + 971 6.4+ 0.51 108 + 12+ 1821 + 343 8.7+1.4 77+ 21 
8 1420 + 113 7.3+ 0.6 90+ 8 hy ar Pas 
120 ln 1229 + 131i 6.3+ 0.71 105 + 13+ 1611 + 310 7.6+ 1.2 86 + 20 
4 1471 + 150 7.94 0.9 82 4- 5 “ie a e» 
180 M 1187 + 1571 6.4 4- 0.91 107 + 14 1681 + 277 8.124: 1.2 80 + 22 
240 das 1164 + 171+ 6.2+ 0.91 104+ 14 1628 + 196 7.9+ 0.91 74+ 15 





* Number of dogs studied at zero time which were used in performing a paired t test for the succeeding time intervals; + P <0.05 
significance compared to zero time; 1 P «0.01 significance compared to zero time. 
CO = cardiac output (cc/min + SEM); SV = stroke volume (cc/beat + SEM); SVR = systemic vascular resistance (units + SEM). 


sure was unchanged in the control group, but was 
slightly lower at 15 minutes and slightly higher 
at 120 to 240 minutes in dogs in the experimental 
group. 

Cardiac output, stroke volume and systemic vas- 
cular resistance data are shown in Table III. Car- 
diac output decreased significantly in the experi- 
mental group: —5.6 + 2.2 percent at 30 minutes, 
—11.4 + 3.9 percent at 60 minutes, —14.4 + 3.7 
percent at 120 minutes and —21.7 + 4.8 percent at 
240 minutes. The cardiac output of the control 
group decreased slightly over the same period of 
time. Since the heart rate was kept constant in 
each animal by right atrial pacing, the stroke vol- 
ume reflects the same magnitude and direction 
of change as the cardiac output data in both ex- 
perimental and control groups. In the experimental 
group, systemic vascular resistance increased +-9.1 
+ 3.1 percent at 30 minutes, +14.6 + 5.5 percent 
at 60 minutes, +14.9 + 5.8 percent at 120 minutes 
and +25.4 + 10.9 percent at 240 minutes; in the 
control group it did not change significantly. 

In the 4 dogs studied at 5 minutes after admin- 
istration of digoxin there were no significant 


TABLE IV 


Hemodynamic Measurements in 4 Dogs Studied at 5 Minutes 


changes in left ventricular dp/dt, right ventricu- 
lar contractile force, left ventricular systolic pres- 
sure, aortic pressure, mean right atrial pressure, 
cardiac output, stroke volume and systemic vas- 
cular resistance (Table IV). Thus, the onset of 
the circulatory effects of digoxin occurred be- 
tween 5 and 15 minutes. 

Tritiated digoxin data: The tissue *H-digoxin 
concentrations at each sacrifice time are presented 
in Figure 3. The *H-digoxin concentrations in spec- 
imens of the left ventricle interventricular sep- 
tum, right ventricle, and atria at 15, 60, 120 and 
240 minutes were significantly higher than at 5 
minutes (P <0.01 for left ventricle, interventricu- 
lar septum and right ventricle; P <0.05 for the 
atria). However, there were no significant differ- 
ences among the corresponding specimens at 15, 
60, 120 and 240 minutes. Thus, after digoxin ad- 
ministration, the *H-digoxin concentrations in the 
left ventricle increased to 55 percent, in the inter- 
ventricular septum to 50 percent, in the right 
ventricle to 51 percent, and in the atria to 63 per- 
cent of their maximal concentrations within 5 
minutes; they were near maximal at 15 minutes 





Pressures (mm Hg + SEM) 





Time A alt TREME 

(min)  no.* LV dp/dt RVCF LVS AoS Ao D Ao M RA M CO SV SVR 
0 4 9461 + 1240 16.8 + 3.2 163+ 11 165+ 10 108+3 12545 3.80.2 1452 + 139 7.0+0.8  89—9 
5 dis s 9600 + 920 17.5+ 3.6 171+ 10 1602-9 100+4 12143 3.90.3 1481 + 147 7.12- 0.8 84+ 7 


Oa Pe OE LEA Pe: See S Die a ee ee rc UNIS EE T Mam ee E o 


* Number of dogs studied at zero time which were used in performing a paired t test for the succeeding time intervals. 
Ao = aortic; CO = cardiac output (cc/min + SEM); D = diastolic; LV dp/dt = left ventricular dp/dt (mm Hg/sec + SEM); M = mean; 
RA = right atrial; RVCF = right ventricular contractile force (units + SEM); S = systolic; SV = stroke volume (cc/beat + SEM); SVR = 


systemic vascular resistance (units + SEM). 
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and did not change significantly throughout the 
remainder of the experiments. 

There were significant differences in the ?H- 
digoxin concentrations in the various parts of the 
heart and the skeletal muscle in each of the 23 
experimental dogs. The concentrations were about 
equal and greatest in the left ventricle and inter- 
ventricular septum. The concentrations of *H- 
digoxin in the right ventricle were significantly 
less than those of the left ventricle (P <0.001). 
The ?H-digoxin concentrations of the atria were 
significantly less than those of the right ventricle 
(P <0.001), and the skeletal muscle ?H-digoxin 
concentrations were significantly less than those 
of the atria (P <0.001). Right ventricular concen- 
trations were 78.2 percent, atrial concentrations 
44.9 percent, and skeletal muscle concentrations 
12.9 percent of left ventricular *H-digoxin con- 
centrations. 

Plasma *H-digoxin concentrations are shown in 
Figure 4. The plasma level showed a rapid decline 
in the first 120 minutes after administration of 
digoxin, but began to level off between 120 and 
240 minutes. 


gni. 
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Figure 3. “H-digoxin concentration in ng/g. 
wet weight + SEM in the different cardiac 
chambers and skeletal muscle. Black bar 
— left ventricle; clear bar — interventric- 
ular septum; diagonally striped bar — 
right ventricle; vertrically striped bar — 
atria; stippled bar — skeletal muscle. 
Numbers in parentheses represent the 
240 number of observations at each time pe- 
riod. 





Discussion 


The hemodynamic results of this study are simi- 
lar to others which have investigated the circula- 
tory effects of the cardiac glycosides.!5-?9 Left ven- 
tricular dp/dt, right ventricular contractile force 
and systemic vascular resistance increased, 
whereas cardiac output decreased and mean aortic 
pressure remained unchanged. Since left ventric- 
ular filling pressure, aortic diastolic pressure and 
heart rate were constant, the rise in left ventricu- 
lar dp/dt must reflect a primary effect of digoxin 
on left ventricular contractility, "° whereas the 
increase in right ventricular contractile force re- 
flects a similar effect on the right ventricle.?95! No 
effect of digoxin was seen at 5 minutes, but at 15 
minutes 33 to 66 percent of its peak inotropic ef- 
fect was noted. Gold et al? noted a similar onset 
of digoxin effect in slowing ventricular rate in pa- 
tients with atrial fibrillation, whereas Weissler et 
al? showed that systolic ejection time was short- 
ened within 15 minutes after the intravenous ad- 
ministration of digoxin. The peak effect of digoxin 
occurred between 60 and 180 minutes, which is 


Figure 4. Plasma "H-digoxin concentra- 
tion in ng/ml + SEM. Numbers in pa- 
240 rentheses represent the number of obser- 
vations at each time period. 
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earlier than the peak effect of 6 hours noted by 
both Gold et al? and Weissler et al?? However, 
their studies were in man, whereas our study was 
in open chest anesthetized dogs. Since hemody- 
namic studies in animals given no digitalis showed 
that bur experimental preparation began to de- 
teriorate slightly by 120 minutes, this might ac- 
count for our earlier peak hemodynamic effects. 

Cardiac intracellular uptake of ?H-digoxin and 
I inotropy: The initial hemodynamic ef- 
ects of digoxin occurred after 5 minutes and be- 
fore 15 minutes, whereas the maximal effects were 
not noted until 60 minutes for left ventricular dp/ 
dt and 180 minutes for right ventricular con- 
tractile force. However, ventricular ?H-digoxin 
concentration reached 50 percent of peak at 5 
minutes and was near maximal at 15 minutes. 
Since myocardial *H-digoxin concentration greatly 
exceeded plasma *H-digoxin concentration at all 
times, myocardial *H-digoxin must reflect predom- 
inantly intracellular digoxin. Therefore, our data 
suggest that there is a lag between the intracellu- 
lar uptake of ?H-digoxin by the heart and the 
development of positive inotropy (Fig. 5). This 
is the first study utilizing animals with an intact 
circulation to correlate the uptake of ?H-digoxin 
by the heart with its hemodynamic effects and 
to show the presence of a lag period between tis- 
sue uptake and physiologic effect. This lag period 
may be related to the contraction dependency of 
the positive inotropic effect of the cardiac glyco- 
sides, as shown by Moran.?* He demonstrated in 
isolated rabbit left atria and in intact dogs that 
ouabain exerts its positive inotropic effect at a 
rate determined not by the time of exposure to the 
glycoside, but by the number of contractions that 
have occurred since exposure. He noted that the 
change in rabbit left atrial contractile force began 
300 contractions after exposure to ouabain and 
reached maximum at approximately 3,000 contrac- 
tions after ouabain exposure, corresponding to 114 
and 15 minutes in our dogs paced at an average 
heart rate of 200/min. In our study, at 15 minutes 
only the onset of inotropic effect was noted. The 
earlier appearance of positive inotropy in Moran’s 
study might be explained by the fact that he used 
ouabain and studied rabbit left atria whereas we 
used digoxin in an intact dog. Roth-Schecter et 
al.1t used quiescent and contracting guinea pig 
atria and showed that digoxin had a greater ino- 
tropic effect on the contracting atria, although 
there was no difference in *H-digoxin concentra- 
tion between the washed quiescent and contract- 
ing atria. 

Other possible determinants of digoxin inot- 
ropy: Thus, both in vitro and in vivo, the ino- 
tropic effect of digoxin is not determined by total 
myocardial *H-digoxin concentration alone, but 
may be partially related to the interaction of di- 
goxin with a contraction-dependent process or 
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Figure 5. Percentage changes -- SEM of right ventricular 
contractile force and right ventricle *H-digoxin concentration 
(ng/g wet weight + SEM) in the upper graph, and the per- 
centage changes + SEM of left ventricular dp/dt and left 
ventricular *H-digoxin concentration (ng/g wet weight + 
SEM) in the lower section. Vertically striped bars — left 
ventricular dp/dt and right ventricular contractile force; di- 
agonally striped bars = *H-digoxin concentration. 


receptor site which then secondarily determines 
the extent of positive inotropy. A number of 
candidates for this secondary process can be found 
in previous reports. Govier and Holland?? demon- 
strated in isolated rabbit atria that ouabain aug- 
mented calcium influx and the exchangeable cal- 
cium pool, and that this could increase myocardial 
contractility. Besch et al.12 demonstrated that inhi- 
bition of sodium, potassium adenosine triphospha- 
tase (Na+,K+ ATPase) occurred concomitantly 
with the development of a positive inotropic effect. 
The latter investigators suggested that Nat,K~* 
ATPase is the major pharmacologic receptor for 
cardiac glycosides. Dutta et al.,°° using an isolated, 
beating guinea pig heart perfused with °H- 
digoxin, showed that the supernatant fraction of 
the myocardial tissue initially contains the highest 
concentration of ?*H-digoxin but that, by 60 min- 
utes, the greatest concentration is found in the 
microsomal fraction. These workers suggested 
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that the microsomal fraction may contain specific 
receptors for binding digoxin which are necessary 
for the development of a positive inotropic effect. 
Their work can be reconciled with that of Besch 
et al.'* if the microsomal fraction of Dutta et al.** 
contains Na+,K+ ATPase, to which *H-digoxin 
binds, thereby inhibiting enzyme activity. Since 
"H-digoxin accumulation in the microsomal frac- 
tion takes time to occur, this could explain the lag 
period seen in our study. An alternative explana- 
tion, that *H-digoxin has occupied a specific recep- 
tor or entered a specific intracellular compartment 
. but that there is a delay between receptor occu- 
pancy and physiologie response, must also be 
considered, as must the possibility of nonspecific 
pharmacologically inactive receptor sites." Since, 
in our present study we measured only total myo- 
cardial *H-digoxin concentration, we are unable to 
provide data in support of one or another of the 
postulated mechanisms for the lag period. 
Differences in myocardial *H-digoxin distribu- 
tion: The distribution of *H-digoxin in the dif- 
ferent chambers of the heart was not uniform. 
The left ventricle and interventricular septum 
had a significantly higher *H-digoxin concentra- 
tion than either the right ventricle or atria. Other 
workers'?7?? have also noted these differences. 


The reasons for these differences in ?H-digoxin 
concentration in the different cardiac chambers 
are not clear. However, differences in blood 
fiow*" * may be an important factor, since right 
ventricular blood flow has been reported to be 
approximately 60 to 70 percent and atrial lelood 
flow 45 to 60 percent of blood flow to the left 
ventricle.’* Studies to determine the reasons for 
the differences in myocardial *H-digoxin distribu- 
tion are presently being conducted in our labora- 
tory. 

In conclusion, the relation of myocardial °H- 
digoxin concentration and the hemodynamic ef- 
feets of digoxin has been described for the first 
time in the same animals with an intact circula- 
tory system. The time of onset and the peak of 
hemodynamic effects lagged behind the time of 
initial uptake and maximal myocardial *H-digoxin. 
This suggests that total myocardial *H-digoxin is 
not the only determinant of the rate of onset and 
development of the inotropic effects of digoxin. 
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Although the right coronary artery supplies both ventricles in the 
pig, a gradual proximal right coronary occlusion produces infarction 
in the left ventricle, whereas the right ventricle is usually spared. 
This study evaluates the influence of right ventricular hypertension 
and hypertrophy (RVHH) on the occurrence of right ventricular infarc- 
tion and the difference in the rate and extent of collateral vessel de- 
velopment after gradual right coronary occlusion in pigs with (RVHH 
group) and without (control group) increased right ventricular pres- 
sure and mass. Right ventricular hypertension and hypertrophy were 
induced by pulmonary arterial banding which raised right ventricular 
systolic pressure from 24 to 74 mm Hg and doubled right ventricular 
mass in 4 weeks. Right coronary occlusion was produced with an 
ameroid constrictor in 24 control group pigs and 15 RVHH pigs. 
Serial selective coronary cineangiograms on days 4, 8, 14, 21 and 28 
after ameroid constrictor placement showed no difference in first 
appearance of collateralization to the occluded right coronary artery. 
Total collateralization, which was present in all pigs studied in the 
control group by days 21 and 28, was present in only 57 percent of 
the RVHH group at the same time. Although left ventricular infarc- 
tion occurred in all animals in both groups, right ventricular infarc- 
tion was not found in the control group but was seen in 80 percent 
of the RVHH group. There was no correlation between the degree of 
collateralization seen and the size of the right ventricular infarction 
found. Experimentally induced right ventricular hypertrophy and hy- 
pertension make the right ventricle susceptible to infarction and im- 
peded total collateral filling of the occluded right coronary artery in 
some of the animals studied. 


Right ventricular infarction is rarely seen in man although main 
stem occlusion of the right coronary artery is common.! In man 
and in the farm pig, virtually all the vascular supply to the right 
ventricle is from the right coronary artery. In experimental 
studies in the farm pig we have shown that gradual oeclusion of 
the proximal right coronary artery will produce infarction in the 
left ventricle while sparing the right ventricle. Furthermore, 
cineangiographic studies? comparing in vivo collateral circulation 
after either gradual proximal left anterior descending or right 
coronary arterial occlusion showed that the rate of development 
of collateral filling of the occluded vessel was more rapid and that 
complete collateralization occurred faster after right coronary 
occlusion. This difference in the rate and extent of collateral ves- 
sel development was thought possibly to be related to the pressure 
and mass dissimilarity between the right and left ventricles, and 
was considered as a possible explanation for the different suscep- 
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Figure 1. A, ameroid constrictor placed on the proximal 
right coronary artery. B, enlarged (x4) section of the 
ameroid constrictor in place. C, end view of the constrictor 
showing a 1.5 mm central lumen and a 1 mm slit. 


tibility of the 2 ventricles to infarction after 
coronary occlusion. This paper deals with the in- 
fluence of right ventricular hypertension and 
hypertrophy on the development of right ventricu- 
lar infarction after right coronary occlusion in 
the pig, and examines the effect of increased right 
ventricular pressure and mass on the time se- 
quence and extent of collateral vessel development 
after coronary occlusion. 


Materials and Methods 


Thirty-nine healthy farm pigs were used in the 
study. Using pentobarbital anesthesia (30 mg/kg), 
endotrachial intubation, assisted respiration and sterile 
technique, right ventricular hypertension and hyper- 
trophy were produced in 15 pigs designated as the 
RVHH group. Through a left thoracotomy, the main 
pulmonary artery was dissected from the aorta and a 
double turn of 1 cm wide Dacron® tape loosely placed 
around the main pulmonary artery. A stainless steel 
L-shaped rod with a cross-section diameter of 5 mm 
was placed under the double loop of tape around the 
pulmonary artery. The tape was then pulled tight and 
the rod removed from under the tape. The pulmonary 
arterial lumen, normally 10 mm in diameter, then had 
the internal diameter opening of the stainless steel 
cylinder minus the vessel wall thickness or approxi- 
mately 4 mm. The tape was then sutured in place and 
the thoracotomy incision closed. 

Twenty-eight days after pulmonary arterial band- 
ing the 15 pigs of the RVHH group weighing between 
28 and 36 lb and 24 pigs of comparable weight who 
did not undergo pulmonary arterial banding (control 
group) underwent surgery for placement of a 1.5 mm 
central lumen diameter ameroid constrictor around the 
proximal right coronary artery (Fig. 1). Complete 
occlusion of the vessel usually occurred by 7 days due 
to the hygroscopic nature of the ameroid. Using this 
method of producing a gradual proximal coronary oc- 
clusion, we have regularly produced left ventricular 
infarction in the farm pig.?? 


ssm: mom o nanan * & 2252252 AR Nuts sanana 


COLLATERALIZATION AFTER RIGHT VENTRICULAR INFARCTION 


Selective coronary cineangiograms by the Sones 
technique, under light pentobarbital anesthesia and 
without endotrachial intubation, were performed in 
pigs in both the control and RVHH groups from 4 to 
28 days after placement of the ameroid constrictor. 
The carotid arteries were exposed under sterile tech- 
nique and used as the site of entry for a 7.5 Sones 
catheter. With careful closure of the vessel at the end 
of the study, many animals could be studied multiple 
times. There were 41 studies performed on the 24 pigs 
in the control group and 38 studies on the 15 pigs in 
the RVHH group (Fig. 2). The cineangiograms ob- 
tained using a 5-inch cinefluorographic unit at 60 
frames/sec were taken on 35 mm film and reduced on 
16 mm film. This permitted good resolution of vessels 
300 , in size. The arteriograms were analyzed for the 
first appearance of collaterals and for complete col- 
lateralization, Collateralization was considered com- 
plete when the entire occluded right coronary and its 
branches were filled by collateral flow. 

Detailed gross and histologic examinations of the 
heart were carried out within 24 hours of death and 
compared in the 2 groups. Those animals surviving for 
28 days after placement of the ameroid constrictor 
were killed. Multiple sections of the heart, stained with 
hematoxylin and eosin, Masson and phosphotungstic 
acid hematoxylin, were examined under the microscope. 
Infarcts of the interventricular septum were included 
as left ventricular infarcts. Only those infarcts involv- 
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Figure 2. Serial selective coronary cineangiograms were 
performed in animals in both groups on days 4, 8, 14, 21 
and 28 after right coronary occlusion by ameroid constrictor 
placement. The dotted lines connecting the open circles rep- 
resent consecutive studies in the same animal. RVHH = 
right ventricular hypertension and hypertrophy. x 
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Figure 3. The right ventricular pressure tracing and cross 
section of the ventricles and pulmonary artery were obtained 
in animals of both groups with comparable body weight. 
Sections through the ventricle and pulmonary artery were in 
the same area so as not to distort comparison of the cross- 
sectioned size. The diameter of the banded pulmonary 
arterial lumen is approximately 4 mm. 


ing the free wall of the right ventricle were considered 
right ventricular infarcts. 


Results 


Production of right ventricular hypertension 
and hypertrophy: After pulmonary arterial 
banding, peak right ventricular systolic pres- 
sures rose from a normal of 24 + 4 to 74 + 6 
mm Hg (Fig. 3) and remained at this level over 
the ensuing weeks. At 4 weeks after pulmonary 
arterial banding, the right ventriele doubled in 
relative mass as the percent weight of the right 
ventricle increased to 64 + 12 percent from a 
previously described normal value of 32 + 4 per- 
cent.* The percent weight (wt) of the right ven- 
tricle was calculated as follows: 


% wt of right ventricle = 
wt of right ventricular wall X 100 








interventricular septum 


Collateral vessel development: The first ap- 
pearance of collateral filling of the occluded right 
-corenary artery is shown in Figure 4 and is simi- 
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Figure 4. The first appearance of collateral filling of the 
occluded right coronary artery was noted equally in both 
groups. The numbers at the top of the bars represent the 
number of animals studied. 


lar in both groups. By day 14 after ameroid con- 
strictor placement all animals had at least some 
evidence of collateral filling of the occluded right 
coronary artery. Figure 5 shows a comparison of 
the number of animals that had complete col- 
lateralization as assessed by the day at which com- 
plete filling of the occluded right coronary oc- 
curred. At days 4 and 8, the percentage of ani- 
mals studied in each group that had complete col- 
lateralization was the same. However, complete 
collateralization was seen in all animals studied 
in the control group by day 21 after ameroid con- 
strictor placement and was present in 57 percent 
of the RVHH group at the same time. Further- 
more, at day 28 no further increase in collateral- 
ization was noted in those pigs studied in the 
RVHH group. 

Production of myocardial infarction: Left ven- 
tricular infarction was present in all pigs in both 
the control and RVHH groups. There was no 
histologic difference in the severity of these in- 
farcts in either group since about 60 percent were 
transmural. Right ventricular infarction did not 
occur in the contro! group, whereas 80 percent of 
the RVHH group had free right ventricular wall 
infarcts (Fig. 6). A typical free wall right ven- 
tricular infarct is seen in Figure 7. There was no 
correlation between the degree of right ventricular 
hypertrophy and hypertension and the size of 
the right ventricular infarction; and there was no 
correlation between the degree of collateralization 
seen and the size of the right ventricular infarct 
found. 


Discussion 


It has been observed in man at postmortem ex- 
amination that right ventricular infarction rarely 
occurs despite the frequent occurrence of right 
coronary arterial oceclusion.^" However, when 
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Figure 5. Total collateralization was seen in all animals 
studied in the control group by days 21 and 28 after amer- 
oid constrictor placement, whereas complete filling of the 
occluded right coronary artery and its secondary branches 
occurred in only 43 percent of those in the RVHH group 
studied at the same time. 


right ventricular infarction is found the presence 
of pulmonary hypertension and right ventricular 
hypertrophy is usually noted.* Plausible specula- 
tion as to why the right ventricle is spared from 
infarction usually involves the fact that this 
cardiac chamber is thin-walled and has a low in- 
tracavitary pressure when compared to the left 
ventricle, and may derive significant nourishment 
from blood coming directly from the cavity.* Not 
only are right ventricular work and oxygen re- 
quirement less, but systolic coronary flow is 
greater in the right coronary artery than in the 
left coronary system, which may be important dur- 
ing times of ischemic stress.? Also, the majority of 
complete occlusions of the coronary circulation are 
probably gradual and give sufficient time for inter- 
coronary collateral vessels to form (function) and 
carry blood from the left coronary system with a 
high level of intramyocardial resistance to the 
right coronary system with lower intramyocardial 
resistance.!? 

In addition, more flow is thought to be readily 
available from the left coronary system to the 
right system than vice versa.!! Our own findings 
comparing the rapidity and extent of collateral 
vessel development after right and left anterior 
descending coronary oeclusion in the farm pig 
seem to bear this out. We found early in vivo de- 
velopment of collateral filling to the occluded right 
coronary (usually from the left anterior descend- 
ing artery) as well as more rapid total collateral 
filling of this vessel. 

By creating right ventricular hypertrophy and 
then gradually occluding the right coronary ar- 
tery, in essence making the right ventricle simi- 
lar in mass and wall tension to the left ventricle, 
we expected to impede both partial and complete 
collateralization to the occluded vessel, as we had 
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Figure 6. All pigs in the control and RVHH groups had left 
ventricular infarction. Eighty percent of the RVHH group had 
right ventricular wall infarction; none in the control group 
had this finding. 


observed after left anterior descending occlusion.? 
However, the first appearance of collateralization 
was comparable in both the RVHH and control 
groups. Although the increased incidence of right 
ventricular infarction in the RVHH group cannot 
be explained by delayed initial appearance of col- 
lateralization, it is not known whether a more 
rapid or profuse early collateralization in the 
RVHH group would have spared the right ven- 
tricle from infarction. If this latter thought were 
true, then the degree of early collateralization 
noted in the RVHH group would have been im- 
peded in relation to the increased wall tension and 
mass generated by the pulmonary arterial band- 
ing. 

True impedence of collateralization in some ani- 
mals ean be inferred from examination of those 





Figure 7. Cross section through the middle third of a heart 
in a pig with right ventricular hypertension and hypertrophy . 
and an ameroid constrictor placed around the right coronary 
artery. Healed infarcts (arrows) are visible in the posterior 
left ventricular wall, septum and posterolateral right ventric- 
ular wall. Unaffected portions of the right ventricle are, 
hypertrophied. (Masson’s trichrome x2, reduced by 50 per- 
cent.) . 
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pigs in the RVHH group examined angiographi- 
cally at 21 and 28 days after ameroid constrictor 
placement. Total collateralization oceurred in only 
57 percent of those examined angiographically. We 
expected to see large right ventricular infarcts 
with massive destruction and scarring of the free 
right ventricular wall in those pigs in which col- 
lateralization was incomplete. However, there was 
no consistent correlation between the degree of 
collateralization seen and the size of the right ven- 
trieular infarct found. What appears to be sig- 
nifieant is that within the RVHH group, right 
ventricular infarction was present despite the 
relation to the degree of in vivo collateralization 
and was not seen in the control group. Also, the 


size of the right ventricular infarction had no rela- 
tion to the degree of in vivo collateralization visual- 
ized during selective coronary cinearteriography. 

The conclusions from this study must be that the 
creation of right ventricular hypertension ang hy- 
pertrophy plays an etiologic role in producing 
right ventricular infarction after a gradual right 
coronary occlusion in the farm pig. The production 
of right ventricular hypertension and hypertrophy 
does not necessarily slow the rate and extent of 
collateral vessel development after gradual right 
coronary occlusion; however, in some animals ex- 
amined total collateralization was prevented, but 
this had no bearing on the size of the infarction 
found at postmortem examination. 
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This report deals with 4 patients with intractable heart failure fol- 
lowing an acute myocardial infarction who evidenced significant im- 
mediate benefit from peritoneal dialysis. In 3 patients, loss of edema 
fluid, abolition of life-threatening arrhythmias, restoration of normal 
mentation and electrolyte normality, reduction of blood urea nitrogen 
and return of urinary output were achieved. Before dialysis, increas- 
ing doses of digitalis and potent diuretic agents failed to relieve pul- 
monary edema or reduce venous pressure and oliguria increased. 

Peritoneal dialysis can be safely and effectively employed during 
the course of an acute myocardial infarction for intractable con- 
gestive heart failure. 


Peritoneal dialysis has become an acceptable therapeutic approach 
for the treatment of renal failure of various causes, owing to im- 
proved equipment and available fluids.^? In addition, peritoneal 
dialysis has been successfully employed for the treatment of re- 
fractory congestive heart failure.’ However, renal function may 
be drastically and suddenly reduced after acute myocardial infarc- 
tion as a result of diminished renal blood flow that accompanies 
the decreased cardiac output. Peritoneal dialysis may be required 
in such cases despite the availability of potent diuretic agents** 
for treating heart failure and edema in patients with myocardial 
infarction. 


Patients 


This report concerns 4 patients with an acute myocardial infarction 
who were admitted to the coronary care unit of the Brooklyn Hospital 
during a 4 year period. Each patient had progressive intractable con- 
gestive heart failure with pulmonary edema, ascites, leg edema, orthop- 
nea, venous distention, increasing blood urea nitrogen, decreasing 
serum sodium, aberrant mentation and various cardiac arrhythmias. 
No response was achieved with digitalis and increasing doses of diuretic 
agents. Peritoneal dialysis was then performed by standard techniques 
with rapid relief of pulmonary edema and fluid overload, and correction 
of blood electrolyte levels in all patients. The procedure was uncompli- 
cated and tolerated well. 

All 4 patients had a history of coronary artery disease and congestive 
heart failure before the current acute myocardial infarction. Three of 
the 4 had known diabetes mellitus, 2 had known renal disease and 1 had 
probable renal disease before admission. 

All 4 patients had an acute anterior wall myocardial infarction and 
had had 1 episode of ventricular tachycardia during the immediate acute 
course. T'wo patients had ventricular fibrillation, and 3 needed precor- 
dial direct-current shock therapy. Two patients required thoracentesis. 
All patients had received digitalis, furosemide and lidocaine. Table I- 
shows the laboratory values before and after dialysis, and Table II indi- 
cates the volume of fluid removed by dialysis in each patient. Three pa- : 
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TABLE ! 
Blood Chemistry Values Before and After Dialysis* 


Case | Case 2 Case 3 Case 4 











Pre Post Pre Post Pre Post Pre Post 


Sodium 119 136 120 141 110 131 131 142 


Potassium 2.8 4.9 2.5 A A B25 e 2.140 
Chloride 90 101 81 108 85 96 83 93 
CO, 10:3 .21:..339  22..15;8 2b > 22. 23 
Blood urea nitrogen 9/. 49 2 .25 51:26 —49 29 
Creatinine 7.2 Bue ow NX iat NOPE 
Central venous 

pressure AD SL cz. eL. WES. 10 


Pre — before dialysis; post — after dialysis. 

* Sodium, potassium, chloride, CO; values in milliequivalents 
per 100 ml; blood urea nitrogen and creatinine values in milli- 
grams per 100 ml; CVP values in millimeters of water. 


TABLE Il 


Number of Exchanges and Volume of Fluid Removed 


Casel Case2  Case3  Case4 


Exchanges 65 20 24 10 
Negative balance in ml 8,675 4,450 8,300 3,100 


tients responded well to oral diuretic agents and di- 
goxin after the completion of peritoneal dialysis. Car- 
diac arrhythmias ceased in 3 patients after peritoneal 
dialysis. 


Case Reports 


Case 1: A 74 year old man with a 6 month history 
of coronary disease, arrhythmias and congestive heart 
failure was admitted with an acute anterior myocar- 
dial infarction, supraventricular tachycardia, conges- 
tive heart failure and elevated serum enzyme levels. 
Digoxin, ethacrynic acid, furosemide, diphenylhydan- 
toin, procainamide and lidocaine were administered as 
indicated. Fifty watt seconds of direct-current pre- 
cordial electroshock were required for ventricular fi- 
brillation. The patient had 1 episode of cardiogenic 
shock with a blood pressure of 70/40 mm Hg which re- 
sponded to norepinephrine, dextran and metaraminol. 

On day 3 pulmonary edema developed with a central 
venous pressure of 20 mm H,O, blood urea nitrogen of 
87 mg, 100 ml potassium of 2.8 mEq, and a 6 hour 
urinary output of 45 ml. Peritoneal dialysis was per- 
formed with 65 exchanges and a total negative balance 
of 8,675 cc. The patient's condition improved clinically ; 
he became mentally clear, and the pulmonary edema 
disappeared; the central venous pressure dropped to 
12 mm H,O with correction of blood electrolyte and 
"urea nitrogen values. His condition subsequently im- 
proved, and he was discharged from the hospital 1 
month later without congestive heart failure, with 

. Sinus rhythm, and a blood pressure of 110/60 mm Hg. 
He died 13 months later of bronchopneumonia and 
. gram-negative bacterial sepsis. 


Case2: A 58 year old housewife was admitted with 
an extensive anterior myocardial infarction. She had 
an 18 year history of diabetes mellitus, hypertension 
and coronary disease with a previous infarction and 
compensated congestive heart failure. Progressive con- 
gestive heart failure developed, which failed to respond 
to inereasing doses of digitalis and furosemide. Fall- 
ing blood electrolyte values and decreased urinary out- 
put were accompanied by increased blood urea nitro- 
gen. Tachyarrhythmias, including ventricular tachy- 
cardia requiring lidocaine, recurred, and gallop rhythm 
as well as pleural effusion requiring thoracentesis de- 
veloped. 

On day 10 peritoneal dialysis was instituted with 20 
exchanges and a negative balance of 4,450 ml. The pa- 
tient’s condition showed immediate remarkable im- 
provement with loss of pulmonary edema and cyano- 
sis. Respiratory and cardiac rates diminished, and ven- 
tricular arrhythmias ceased. Serum electrolyte values 
improved toward normal, and the patient was dis- 
charged home 3 weeks later, fully ambulatory. 


Case 3: <A 64 year old man with known diabetes, a 
previous myocardial infarction and heart failure was 
admitted with acute myocardial infarction and exacer- 
bation of heart failure. He had been receiving digoxin, 
chlorothalidone, spironolactone, furosemide and inter- 
mittent mercurial diuretic agents. He had changing 
cardiac rhythm including atrial fibrillation, atrial flut- 
ter, ventricular tachycardia and a cardiac arrest. He 
was treated with intravenously administered lidocaine 
and precordial direct-current shock, and he required re- 
suscitation with external massage for a cardiac arrest. 
He had intractable heart failure, pulmonary edema, stu- 
por, unresponsiveness to diuretics and digitalis, as well 
as severe electrolyte imbalance. 

Peritoneal dialysis was instituted on day 5 and after 
24 exchanges there was a resultant negative balance of 
8,300 ml. He had dramatic improvement with return of 
mentation, loss of cyanosis and pulmonary edema, and 
marked improvement in electrolyte values. Cardiac 
rhythm stabilized. He was discharged home ambulatory 
after 3 weeks and continued to have compensated heart 
failure. 


Case 4: A 62 year old woman with diabetes and an- 
gina pectoris was admitted with an extensive anterior 
wall myocardial infarction. Congestive heart failure de- 
veloped which required digitalization; thoracentesis 
for a right pleural effusion was performed on days 4 
and 18. A pericardial friction rub was present. On cay 
18 ventricular fibrillation developed requiring direct- 
current shock for cardioversion to sinus rhythm on 2 
occasions, She was given lidocaine intravenously for 
ventricular instability. Heart failure was progressive 
with elevation of central venous pressure to 19 mm 
H.O and heart rate to 120 beats/min. Pulmonary edema 
was present, and the serum potassium level rose to %.1 
mEq. Peritoneal dialysis was instituted on day 18 when 
anuria was noted. After 10 exchanges a negative bal- 
ance of 3,100 cc was achieved. Pulmonary congestion 
cleared and the serum potassium level fell to 4.0 mEq. 
Twelve hours later she had a cerebrovascular accident 
with coma, followed by cardiac arrest which was not 
treatable, and she died. 
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Discussion 


The need for an alternative method of treating 
intractable congestive heart failure when diuretic 
agents and digitalis have failed has been met by 
peritoneal dialysis.** The occurrence of progres- 
sive electrolyte derangement and uremia dimin- 
ishes the continued effectiveness of diuretic agents. 
In acute myocardial infarction, the sudden drop 
»n cardiac output and renal blood flow may precipi- 
tate or aggravate congestive heart failure and re- 
quire the immediate relief of hypervolemia and 
pulmonary edema by peritoneal dialysis. Fatal and 
life-threatening cardiac arrhythmias due to elec- 
trolyte abnormality may be abolished by the rapid 
institution of peritoneal dialysis. Cardiac recuper- 
ation, otherwise hopeless, may then be achieved. 
Chopra et al.’ have reported the successful appli- 
cation of peritoneal dialysis for pulmonary edema 
in 3 of 4 patients with acute myocardial infarction. 

This report demonstrates the successful employ- 
ment of peritoneal dialysis when all other means 
of reversing congestive heart failure had failed. 
The 2 men survived 13 months each. One died with 
bilateral bronchopneumonia and gram-negative 
bacterial sepsis, and the other still survives. One 
of the 2 women survived 3 weeks, only to be re- 
hospitalized and die from cardiac arrest. The other 
patient had a cerebrovascular accident and died 
24 hours later. All of these critically ill patients 
showed definite unequivocal lessening of heart 
failure, and 3 of the 4 patients achieved relative 
normalcy after peritoneal dialysis. 

The patients in this series were afflicted with 
chronic coronary artery disease and preexisting 
compensated heart failure prior to the acute in- 
farction. It is of interest to note that all the infarc- 
tions were anterior and extensive by electrocardio- 
graphic criteria. The arrhythmias reflected the ir- 
ritable state of the myocardium in these patients. 
None of the patients were thought to have digi- 
talis toxicity. Diabetes mellitus and renal disease 


PERITONEAL DIALYSIS FOR INTRACTABLE HEART FAILURE 


were present in 3 of the 4 patients. Such complica- 
tions underscore the severe arterial disease in 
these patients and gravely worsen the prognosis 
for intractable heart failure without peritoneal 
dialysis. The high late mortality rate in these pa- 
tients reflects the presence of advanced occlusive 
vascular disease. 

Peritoneal dialysis has been used to reverse se- 
vere congestive heart failure before cardiac sur- 
gery.” Raja et al.’° have reported 8 repeated peri- 
toneal dialyses in a 21 month period in 1 patient 
with congestive heart failure with excellent re- 
sults. 

Large intravenous doses of furosemide in the 
presence of uremia, hyponatremia and hypochlo- 
remia will produce diuresis in some patients, ob- 
viating the indication for peritoneal dialysis.!! The 
fact that only 4 patients in 850 admissions in 4 
years of operation of our coronary care unit re- 
quired peritoneal dialysis is adequate evidence 
that other measures are usually successful in treat- 
ing severe congestive heart failure associated with 
acute myocardial infarction. Indeed, it is our be- 
lief that the early judicious use of digitalis at the 
first sign of congestive heart failure has materially 
reduced the incidence of severe congestive heart 
failure and shock accompanying acute myocardial 
infarction. Conceivably, the incidence of acute 
renal tubular necrosis is also lessened. The coro- 
nary care unit has reduced the hospital mortality 
rate of acute myocardial infarction by at least 10 
percent by preventing and treating life-threaten- 
ing arrhythmias.'? Heart failure and shock remain 
the most common causes of death from acute myo- 
cardial infarction.” 

Peritoneal dialysis can be used as a rapidly ef- 
fective temporary measure when other therapy 
fails. Although peritoneal dialysis can be safely 
performed during the course of an acute myocar- 
dial infarction, it is not to be considered routine 
therapy for congestive heart failure in such cir- 
cumstances. 
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There are significant electrocardiographic age trends in adult healthy 
populations from the third to the fifth decade in QRS and T ampli- 
tudes (decrease with age) and direction (left axis shift with age) in 
conventional electrocardiographic leads, which flatten out after age 
50. The decrease of amplitudes is more pronounced in men than in 
women. Age trends of intervals are absent or small. However, the in- 
cidence of premature supraventricular and ventricular beats increases 
with age. Overweight accelerates the age trends. Diagnostic implica- 
tions are discussed, particularly for recognition of left ventricular 
hypertrophy. Magnitudes and directions of maximal spatial QRS and 
T vectors show age trends similar to comparable conventional electro- 
cardiographic items. Initial spatial 20 msec vectors also decrease 
with age; therefore, ‘‘poor progression of the R wave in the anterior 
chest leads,” often interpreted as compatible with anterior wall myo- 
cardial infarction, is a normal age trend. In the majority of studies, 
the effect of age is more pronounced in populations with high prev- 
alence of coronary artery disease than in populations with low in- 
cidence. Coronary artery disease, as long as the resting electro- 
cardiogram is normal, accelerates the age trends. The frequency of 
ischemic response to exercise is greater, with more pronounced age 
trends, in populations with high prevalance of coronary artery dis- 
ease. It is concluded that the electrocardiographic age trends in 
asymptomatic populations are to a large extent due to latent coronary 
artery disease. 


General Methodology 


Information about the effect of age on the electrocardiogram is 
important for accurate recognition of abnormalities in older per- 
sons, and for exploration of the relation between the electrocar- 
diographic age trends and prevalence of latent coronary insuffi- 
ciency. 

The ideal method for investigation of age trends is longitudinal 
research. Because of the long time needed for follow up, few such 
studies with detailed measurements of electrocardiographic items 
have been undertaken. The most important longitudinal study is 
that of 1,000 healthy aviation personnel who were first investi- 
gated at the mean age of 24 years! and later at the mean ages of 
36, 42 and 48 years?; 719 healthy men were followed up through 
ages 42 to 48 years. In a significant number heart disease or ab- 
normal electrocardiographic findings developed. 

The bulk of information on age trends has been obtained in 
cross-sectional studies with the conventional electrocardiogram. 
Additional recent information from the vectorcardiogram and 
particularly the exercise electrocardiogram has become pertinent. 
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Figure 1. The heavy line indicates correlation coefficients 
(r) between age and spatial maximal QRS vector for various 
sample sizes, shown on the abscissa. The shaded area rep- 
resents the extent of the confidence limits of r. (Reprinted 
from Pipberger' by permission of the American Heart Asso- 
ciation, Inc.) 


The analysis of electrocardiographic age trends 
is complicated because of interaction with other 
constitutional factors, such as body weight, sex, 
race, chest configuration and functional variables 
such as blood pressure. The sample must be large 
enough either to cancel out or preferably to ana- 
lyze separately other variables affecting the elec- 
trocardiogram. The necessity of large sample size 
has been demonstrated by Pipberger et al? Fig- 
ure 1 shows the variation of the correlation coeffi- 
cient (r) between age and the spatial maximal 
QRS vector, with confidence limits, dependent on 
the sample size. Small sample sizes, that is, up to 
200, show huge variations, and the correlation co- 
efficient stabilizes only over 500. It is not surpris- 
ing that with groups of less than 200, as were used 
in gerontologic research, conflicting results have 
been obtained. 

Another prerequisite for the validity and clini- 
cal utilization of the data is that the sample should 
be representative of average, healthy persons, 
carefully screened with independent methods for 
absence of recognizable disease. The sample of Pip- 
berger et al.* of 518 hospitalized patients with a 
normal cardiovascular system is not fully repre- 
sentative of a healthy, average population. On the 
other extreme, the sample of over 6,000 U.S. Air 
Force flying personnel investigated by Hiss et al.” 
is highly preselected as to physical fitness. These 
2 large samples include only men. 





AGE AND THE ELECTROCARDIOGRAM 


In this review, the discussion of age trends in - 
the conventional electrocardiogram will be based 
mainly on our own material of 960 healthy men 
and women.* It has been supplemented by data 
from extensive epidemiologic studies? in different 
European and Asiatic countries. 


General Age Trends—Conventional 
Electrocardiogram 


Within this presentation, we will be concerned 
with age trends among adults only. 

Age trends in the conventional electrocardio- 
gram can be briefly summarized: The amplitudes 
of all deflections decrease together with directional - 
(axis) changes (left axis shift in frontal plane; 
clockwise rotation in horizontal plane). Age 
changes of the intervals are less pronounced or 
absent. The R-R interval (heart rate) and the 
QRS interval show no significant age trends. A 
slight but significant increase of the P-R interval 
of about 0.01 second?.^? occurs from the third to 
sixth decades. Therefore, a value of 0.22 second is 
proposed for the upper normal limit for persons 
over 50 years of age. The frequently used limit of 
0.20 second is too conservative. The Q-T interval, 
corrected for heart rate,* increases significantly 
by about 0.01 from the third to sixth decades.!^ 
Pipberger et al.‘ reported a very slight but signifi- 
cant increment of P wave duration of 0.008 sec- 
ond from the third to the seventh decades. 

Table I shows some diagnostie consequences re- 
sulting from disregard of age trends for 4 electro- 
cardiographic items. XQRS is the algebraic sum of 
the largest positive and negative QRS deflections 
of the standard leads, which is reasonably repre- 
sentative for overall frontal plane QRS amplitude. 
The percentage exceeding these normal limits ob- 
tained in older men is several times greater than 
that in younger men, resulting in an appreciable 
number of false diagnoses of abnormality. 


* Using a regression equation obtained with aid of an 
electronic computer, which gives a better fit than Bazett’s™ 
widely used square root equation" (Simonson et al.”’). 


TABLE I 


Percentage of Normal Men Exceeding Accepted Normal 
Limits of Electrocardiogram 








Younger Older 
Item Limit Men (97) Men (%) 
P-R 0.21 sec 0.6 3.4 
EQRS 15.0 mm 6.4 Hi 
Q; 25% of maxi- 3.2 9.0 
mal R 
S-T;, —0.5 mm 2.5 7.3 





EQRS = algebraic sum of positive and negative ORS deflec- 
tions in leads I, Il and III. (Reprinted from Simonson.*) 
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Figure 2. Electrocardiograms of a healthy young man 22 
years of age (A) and a healthy older man 51 years of age 
(B) representative of their age groups. In the older man, the 
QRS and T amplitudes are smaller, the QRS and T axes are 
shifted to the left, and the P-R interval is longer. (Reprinted 
from Simonson.") 


Figure 2 shows the standard electrocardio- 
graphic leads in a healthy man of 22 years (A) 
and a healthy older man of 51 years (B), fairly 
representative for their age groups. We tried to 
select subjects with electrocardiograms close to 
the group means for the P-R interval, QRS ampli- 
tude and axis and T wave amplitude and axis.? To 
find suitable tracings for this demonstration, over 
500 electrocardiograms were scanned, which is in 
line with statistical expectation.!2 Although both 


TABLE Il 

Comparison of Decrease in Electrocardiographic 
Amplitudes (in millimeters — 0.1 mv) with Age in 
Men and Women 








Men Women 
M; Ms M2 M; M; M2 
(no. = (no.= (100)/ (no.= (no.=  (100/ 

115) 424) Mi; 104) 142) M; 

Rə 11.7 7.5 64 9.9 8.1 82 
Te 2.9 2.3 80 2.4 ecm 93 
ZQRS 28.2 19.8 70 22.6 20.3 90 
ZT 6.1 5.0 82 523 4.9 93 
R-V, 16.6 14.2 86 11.5 12.4 108 
S-V. 18.0 12.7 71 12.4 9.4 76 
^ T-V: 6.5 5.5 84 3.1 3.0 94 





M, = means for group 20 to 29 years of age; M; = means for 
. group 40 to 59 years of age; M»(100)/M; = relative decrease in per- 
cent; EQRS = algebraic sum of positive and negative QRS de- 
: flections in leads I, Il and IIl; ZT = algebraic sum of T waves in 
- leads |, IL and III. (Condensed from Simonson.*) 
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Figure 3. The age trend in the frequency of ventricular and 
supraventricular premature beats in healthy subjects, as re- 
ported by several authors. (Reprinted by permission from 
Okajima et al.) 


electrocardiograms of Figure 2 would be inter- 
preted as normal, they are quite different (longer 
P-R interval, smaller amplitude and left axis de- 
viation of QRS complex and T wave in tne older 
subject). 

Of considerable clinical interest is the incidence 
of premature beats in clinically healthy subjects 
as shown in Figure 3, compiled from different sam- 
ples?13-15 by Okajima et al.!^ of American, German 
and Japanese populations. In all samples, the fre- 
quency of premature beats (in percent of regular 
beats) particularly ventricular beats increases 
over age 40 years. As upper normal limit a fre- 
quency of 5 percent may be proposed for supraven- 
tricular beats and for ventricular beats up to age 
60 years, and 10 percent for premature ventricular 
beats in persons over 60 years. 


Interaction of Age Trends with Other 
Constitutional Variables 


We will limit the discussion to interaction of 
electrocardiographic age trends with sex and 
weight and to comparison of age trends in differ- 
ent populations. The effect of blood pressure up to 
a systolic pressure of 180 and a diastolic pressure 
of 100 mm Hg has been slight or absent.?'* Rauta- 
harju and Blackburn!? found the age trend of the 
QRS axis to be independent of blood pressure. 


Effect of Sex on Electrocardiographic Age Trends 


The electrocardiographic age trends are signifi- 
cantly steeper in men than in women. Table II 
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Figure 4. Changes of T wave in leads |l ^ 
(left) and V. (right) in men and women 
from 20 to 60 years. 


shows the age differences between young (20 to 29 
years) and older (40 to 59 years) men and women 
in 7 selected representative electrocardiographic 
amplitude items. Since the age trends flatten out 
after age 40 years (confirmed by Blackburn et 
al.!*), the age groups 40 to 49 and 50 to 59 are com- 
bined. The relative change in percent of the value 
at ages 20 to 29 is greater in men than in women, 
particularly for the R wave in lead II, XQRS and 
the R wave in V,. The amplitudes are smaller for 
women, more so at ages 20 to 29, so that the age 
difference decreases with age. In a substantial 
number of electrocardiographic items, the age 
trends in women are not statistically significant. 
Figure 4 shows, as an example, the age changes of 
the T wave in lead II (left) and in lead V. (right). 
On the other hand, there is no significant sex dif- 
ference in the left QRS axis shift from 62.6? in 
men and 61.6° in women at ages 20 to 29, to 36.2° 
(men) and 36.1? (women) at ages 50 to 59. In both 
men and women, the QRS axis shift with age is 
pronounced (Fig. 5). It is of importance for clini- 
cal application that this shift has a greater effect 
on the lower than on the upper normal limits (97.5 
percentile) due to a different skewness of fre- 
quency distribution in the different age groups. In 
men, the upper normal limit at ages 20 to 29 is 
95.9°; at ages 40 to 59 it is 87.9°, a difference of 8°. 
The low normal limits change from 2.9° to —28.4°, 
a difference of 30.9°. A QRS axis of —10° would 
be within normal limits for a person over 30 years 
of age, but would be abnormal for a patient under 
30 years. Thus, the age trends interfere to a 
greater extent with the recognition of left than 
right ventricular hypertrophy. The QRS axis shift 
in the horizontal plane (shift of the transitional 
zone in clockwise rotation) is significant in men, 
but does not reach statistical significance in 
women. | 

The findings of Hiss et al. of decreased QRS 
and T amplitudes in men agree well with our re- 
sults. Table III shows the changes of 4 selected 
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Figure 5. QRS axis shift with age in men and women with 
low and high relative body weight (RBW). In overweight men 
and women, the QRS axis is shifted to the left, and the age 
trend is somewhat steeper. (Reprinted by permission from 
Simonson.®’) 


TABLE Ill 


Age Trends of Selected Electrocardiographic Items 
(Means) in a Longitudinal Study of 1,000 Aviators 


Age Re (mm) Ta (mm) | zQRS (mm) ZT (mm) 
24 11.4 3.4 28.2 6.76 
36 9.2 2.4 23.5 4.88 
42 8.2 2.5 23.1 4.63 
48 Pd T 20.1 5.16 


(Condensed with permission from Harlan et al.?) 
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Relative Body Weight 


electrocardiographic items in the longitudinal 
study of Harlan et al.? on originally 1,000 healthy 
men. The age trends in the cross-sectional study 
(Simonson,* Table 2, Fig. 5) as well as the normal 
(97.5 and 2.5 percentile) limits for the different 
age groups are very similar. “Comparable values 
from our longitudinal evaluation are strikingly 
similar, suggesting the validity of his [Simonson] 
cross-sectional surveys and the electrocardio- 
graphie similarity of these two groups of healthy 
men" (Harlan et al.2). The good agreement shows 
that both groups are representative of a healthy 
American male population. 


Age and Relative Body Weight 


The relative body weight, in percent of a “nor- 
mal" body weight derived from the height-weight 
ratio of the Medico-Actuarial mortality investiga- 
tion tables,!? was used as an index for a gross esti- 
mate of underweight, normal weight and over- 
weight. Sinee the relative body weight in these 
tables was corrected for age, it does not reflect the 
increase of absolute body weight with age, which 
is due to increased fat content, determined by den- 
simetry.? Therefore, at the same relative body 
weight, an older man is more obese than a younger 
man. Our sample was subdivided into 5 relative 
weight groups from 80 percent (underweight) to 
120 percent (overweight); 100 percent represents 
normal relative body weight. The effects of rela- 
tive body weight and age are synergistic, with a 
tendeney to smaller QRS and T amplitudes and 
left QRS axis shift. The changes of amplitudes 
with relative body weight are more pronounced in 
older than in younger subjects. This is illustrated 
in Figure 6 for the T wave in lead II (left) and 
QRS axis (right) from a sample of 157 young men 
(18 to 28 years) and 233 older men (50 to 60 
years).?! The range of mean relative body weight 
from 78 percent (pronounced underweight) to 122 
percent (pronounced overweight) is quite large. 
Therefore, the weight difference of electrocardio- 
graphie items increases with age. 
` The more pronounced effect of relative body 
| weight on electrocardiographic amplitudes in 
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Figure 6. Effect of relative body weigh? 
(RBW) on amplitude of the T wave in lead 
II (left) and QRS axis (right) in young and 
older men. The effect is more pronounced 
in older men. 


older men was confirmed in the larger sample of 
960 men and women? and may be due to the 
greater fat content. The left axis shift of the QRS 
axis in men and women is steeper with high rela- 
tive body weight than with low relative body 
weight (Fig. 5). In all age groups, the QRS axis 
is oriented more to the left in groups with greater 
relative body weight. As a general conclusion, 
overweight tends to accelerate the age trends. 
Clinically, relative body weight should be consid- 
ered together with age in the differentiation be- 
tween normal and abnormal, more so in older pa- 
tients. 


Age Changes in the Vectorcardiogram 


In a comparison of mean spatial QRS and T 
vectors, constructed from the conventional elec- 
trocardiographic leads, significant differences be- 
tween 105 young (18 to 28 years) and 178 older 
(50 to 59 years) men were noted.?? The magnitude 
of both vectors was significantly smaller in older 
men, and they were oriented more superiorly (ele- 
vation). 

In the follow-up series of Harlan et al.,? the left 
axis shift of mean and “initial” (0.04 second)* 
QRS frontal plane vectors and mean T vectors, 
constructed from conventional] leads, in the inter- 
val of 18 years was the more pronounced the 
greater the weight gain; this finding is in excel- 
lent agreement with data from the cross-sectional 
studies. 

The conventional electrocardiographic leads 
have a considerable electrical distortion; there- 
fore, the study by Pipberger et al.* with the Frank 
lead system gives more accurate information. Fig- 
ure 7 shows the relative (value at ages 20 to 29 
taken as 100) decrease of the spatial QRS and 
ST- T vectors, as sum of all instantaneous vectors, 
with age. In contrast to the electrocardiographic 


* The mean 0.04 second vector is not truly an initial 
vector, as often referred to. The 0.04 second vector, in Grant 
and: Estes’ definition,” used by Harlan et al.,* is the mean 
integral vector from zero to 0.04 second; 0.04 is usually the 
mid-point of the QRS interval. 
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age trends of XQRS and XT, which flatten out after 
age 40 years, the drop continues to ages 60 to 78 
years, and is steeper for the ST-T vector than for 
the QRS vector. This may be due to the fact that 
the electrocardiographic scalar XQRS and 3T and 
the dum of instantaneous spatial QRS and T vec- 
tors, although related, are not identical or to the 
different sample composition as discussed earlier. 
Up to ages 40 to 59, the relative decrease of QRS 
and T vectors in Figure 7 is quite similar to that 
of QRS and T amplitudes of the conventional elec- 
trocardiogram shown in Table II. 

Table IV shows a condensation of age trends in 
some other vectorcardiographic items in the inves- 
tigation of Pipberger et al.* In the frontal plane 
loop, the maximal QRS vector is more superiorly 
oriented (corresponding to left axis deviation), 
and in the horizontal planar projection, more left- 
ward. Of particular interest is the decrease of the 
initial 20 msec vector (in lead Z and spatial). With 
relation to the conventional electrocardiogram 
this corresponds to the so-called poor progression 
of the R wave in the anterior conventional chest 
leads V, to Vz, which is a normal age trend. Conse- 
quently, recognition of anterior wall myocardial 
infarction is more difficult in subjects over age 50 
years. 


Cause of Electrocardiographic Age Trends 


None of the physiologic aging processes found 
in other tissues, organs and functions have been 
identified with electrocardiographic age trends, 
but their involvement cannot be ruled out. 
Whether the loss of active tissue, as a general fea- 
ture of aging, applies to the heart is questionable. 
The heart weight does not show any decrease with 
age in autopsy material of patients with a nor- 
mal cardiovascular system.24 However, this does 
not rule out possible replacement of some myocar- 
dial fibers by fibrosis. It may be suspected that the 
left QRS axis shift with age may be due to a rela- 
tive left ventricular hypertrophy, but in the ab- 
sence of heart disease or arterial hypertension 
there is no age trend of the left/right ventricular 
ratio.?* 

Asymptomatic coronary atherosclerosis: The 
discussion, therefore, has been centered on possi- 
ble involvement of latent asymptomatic coronary 
artery disease as a cause for the electrocardio- 
graphic age trends. Atherosclerotic degeneration 
of coronary arteries is common in older Ameri- 
cans who die of noncardiac causes according to 
Clawson's large material?»?9 of 30,265 autopsies. 
In the autopsy data of White et al.27 of 600 male 
hearts, there was a continuous trend of increasing 
coronary sclerosis from ages 35 to 55 years, but no 
further increase beyond age 55; this finding agrees 
fairly well with the electrocardiographic age 
trends in our material and that of Blackburn et 
al." One of the most detailed studies with micro- 
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Figure 7. Decrease of spatial magnitudes of QRS and ST-T 
complexes with age. To obtain representative voltage values 
for the entire complex, amplitudes of all instantaneous 
vectors were combined. The results in the youngest age 
group were taken as 100 percent. The percentage decreases 
of all vectors of each consecutive group were then averaged 
and plotted on the ordinate. The age is indicated on the 
abscissa. (Reprinted from Pipberger* by permission of the 
American Heart Association, Inc.) 


scopie measurements in 536 hearts of normal pa- 
tients is that of Lober.?* The intima of coronary 
arteries thickens and the lumen narrows progres- 
sively with age, quite parallel to electrocardio- 
graphic age trends. Coronary atherosclerosis is ob- 
viously widespread in the population of the United 
States, and only a minority experience overt clini- 
cal coronary insufficiency. 

There is à progressive increase of some electro- 
cardiographic abnormalities with age in an 


TABLE IV 


Vectorcardiographic Age Trends in 518 Men Free of 
Cardiovascular Disease 


Age Groups (yr) 


20-29 30-39 40-49 50-59 69-78 P Value 
(no. (no. (no. (no. (no. 20-29 vs, 
= = = = = 69-78 
Item 78) 179) 151) 56) 54) Years 


0.30 0.26 0.24 0.18 0.17 «0.001 
0.36 0.31 0.27 0.24 0.22 40.001. 
Max direction (°FP) 90 ah US 238 32 «0.001 
Max direction (?HP) 312.325 3200. 331 340 ) «0.001 
Max T spatial (mv) 0.50 0.45 0.42 0.40 0.31 <0.001 


0.02 sec Z (mv) 
0.02 sec spatial (mv) 


FP — frontal plane; HP — horizontal plane. j. 
(Condensed from Pipberger et al.*) . 
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TABLE V 


Mean Age Differences in Several Electrocardiographic 
Items in American and Japanese Men 


Ó—— ——À— a ——— M ———————— M — 


American Men Japanese Men 
20-29 40-59 20-29 40-59 
Item Years Years Years Years 
bmc T ree a Qe URL PTS cen nr PSP. Im 
R wave, lead V; (mm) 15.3 14.1 16.6 17.5 
S wave, lead V; (mm) 11.4 8.6 9.4 8.9 
T wave, lead |! (mm) 2.9 2.3 3.5 3.9 
QRS axis (°) 63 37 64 54 





(Condensed from Simonson.) 


asymptomatic clinically healthy population. In 
Averill and Lamb’s large sample”? of 67,375 U.S. 
Air Force flying personnel, the incidence of abnor- 
mal T and S-T segment changes increased from 
5.2/1,000 at ages 20 to 24 to 19/1,000 at ages over 
45 years. It is recognized that ST-T wave changes 
may be due also to other causes than latent coro- 
nary insufficiency, but these are less likely to show 
a pronounced age trend. Myocardial infarction 
was suspected in 0.3 subjects/1,000 at ages 20 to 
24 years, increasing to 4.4/1,000 at ages over 45 
years. 

Prevalence of coronary disease in different popu- 
lations: It is a reasonable assumption that the 
prevalence of latent asymptomatic coronary ath- 
erosclerosis corresponds to the prevalence of clini- 
cal coronary heart disease. There are significant 
differences in the prevalence of coronary heart dis- 
ease in different populations, largely parallel to the 
intake of saturated fats.^* Comparison of electro- 
cardiographic age trends in populations with high 
and low prevalence of coronary heart disease is 
therefore pertinent to this problem. 

In a quantitative comparison of numerous elec- 
trocardiographic items in young (18 to 28 years) 
and older (45 to 55 years) men in Minnesota (high 


TABLE VI 


prevalence) and Italy (low prevalence), the age 
differences were smaller in the Italian sample, and 
did not reach statistical significance. In contrast, 
they were highly significant in the Minnesota sam- 
ple.?9 

Similar results were obtained in a comparisbn of 
age differences between large samples of Ameri- 
can and Japanese men.!2 Table V shows the age 
differences of 4 selected representative electrocar- 
diographic items. The age differences in the Japa, 
nese sample are smaller or absent. The prevalence 
of coronary heart disease is significantly lower in 
Japan than in the United States. 

Table VI shows 7 selected, representative elec- 
trocardiographic items in 15 patients with angina 
pectoris and normal resting electrocardiogram and 
233 normal older men.” The differences between 
these groups are similar to age differences of nor- 
mal men ; that is, the amplitudes in the group with 
angina pectoris are smaller, and the left axis shift 
is more pronounced. Coronary artery disease ex- 
aggerates the normal age trends as long as the 
resting electrocardiogram is normal. This relation- 
ship is obscured by the development of electrocar- 
diographic abnormality in later phases of the dis- 
ease. 

Results obtained by Blackburn et al.!* in clini- 
cally healthy Greek, Italian and American popula- 
tion samples are at variance. There was a signifi- 
cant age trend of amplitudes and axis in these 
samples, but no significant differences between 
them in spite of significantly different prevalence 
of coronary artery disease (low in Italy and 
Greece, high in the United States). The age groups 
investigated were small, ranging from 38 to 50 
subjects, which may explain the discrepancies, as 
emphasized previously. However, it is believed that 
the bulk of the evidence supports the concept of a 
relationship between normal electrocardiographic 
age trends and prevalence of latent coronary ar- 
tery disease. 


Means (M) and Standard Deviations (SD) of Selected Electrocardiographic Items in 15 Patients (P) with Angina 
Pectoris and Normal Resting Electrocardiogram Compared to 233 Normal Older Men (0) 


T Wave in Lead 
ET (mm) QRS Axis (°) T Axis (°) V, (mm) 
3.93 11.00 16.67 3.61 
1.35 29.86 33.13 2.24 
5.20 37.77 32.87 7.08 
1.74 34.67 23.96 2.49 
—]1.331 —26.771 —16.201 —3.471 


CAMERE IEEE CC ae COME TOS a eS ee ker ems tS SS <a eom rM ae 


R Wave in T Wave in T Wave in 
Lead || (mm) Lead | (mm) Lead || (mm) 

Group P 

M 7.05 1.71 1.46 

SD 3.79 0.87 0.77 
Group O 

M 7.75 2.01 2.26 

SD 3.16 0.89 0.95 
A —0.70 —0. 30 —0.801 
t P €0.05. 
+P s0.01. 


(Condensed from Simonson.*) 
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Predictive value of electrocardiogram: Assum- 
ing a relationship between electrocardiographic 
age trends and asymptomatic coronary athero- 
sclerosis, a predictive value of the resting electro- 
cardiogram in young people for later development 
of córonary heart disease may perhaps be ex- 
pected: Are young adults with low amplitude of 
ventricular complexes and left axis deviation more 
prone to have coronary insufficiency? Neverthe- 
less, the prognostic value of the resting electrocar- 
diogram for the individual person is poor.?'' It 
should be kept in mind that the age trends were 
established in large samples, and the wide normal 
age-corrected range limits are valid for clinically 
healthy people. 

The factors that trigger the development of 
clinical coronary heart disease are largely un- 
known for the individual person. In extensive epi- 
demiologic studies risk factors have been statisti- 
cally identified?.7.5 but are not revealed in the rest- 
ing electrocardiogram. Even gross electrocardio- 
graphic abnormalities (conduction defects, bundle 
branch block, abnormal T waves) detected at age 
24 years had no predictive value for later morbid- 
ity or mortality.? 


Age Trends in the Exercise Electrocardiogram 


The diagnostic value of an ischemic response 
(sloping down or horizontal S-T depression, types 
D and E, Fig. 8?!) for recognition of latent coro- 
nary insufficiency and for prediction of mortality 
has been firmly established.??33 A junctional type 
of S-T segment depression (types B and C, Fig. 
8) or isolated T inversion (type F) had no prog- 
nostic value.??53 

One would expect that the prevalence of an isch- 
emic S-T depression in an exercise test corre- 
sponds to the prevalence of coronary heart disease. 
This is indeed the case. Table VII compares the 
prevalence of ischemic S-T depression in U.S. 
railroad clerks and Italian and Yugoslavian farm- 
ers. The incidence of ischemic S-T depression is 
highest and the age difference is largest in Ameri- 


TABLE VII 


Prevalence Rates of “‘Ischemic-Type’’ ST-T Depression 
(Minnesota Codes 11, 1, 2, 3) in the Postexercise 
Electrocardiogram (None at Rest) by Age and 
Population Group (Rates per 1,000 Men) 





Ages 40-49 Years Ages 50-59 Years 
Prevalence Prevalence 
Population Group Total no. Rate Total no. Rate 
American railroad clerks 349 59.5 498 120.1 
Italian farmers 369 52.5 347 65.3 
Yugoslavian farmers 284 28.9 415 43.2 





(Reprinted by permission from Blackburn.*4) 
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Figure 8. Types of ST-T changes. A, normal electrocardio- 
gram, at rest. B, false junctional S-T depression, due to 
atrial T wave Ta. C, true junctional S-T depression; D, 
ischemic S-T depression, sloping down. E, ischemic S-T de- 
pression, horizontal. F, isolated T wave inversion. The resting 
electrocardiogram is normal. (Reprinted from Simonson.") 


can railroad clerks, and lowest in Yugoslavian 
farmers, corresponding to the incidence of coro- 
nary heart disease.*4 

The age difference of the S-T depression was 
significant for the U.S. railroad clerks, but not for 
the Italian and Yugoslavian farmers. In the age 
group 40 to 49, the difference between American 
railroad clerks and Yugoslavian farmers was sig- 
nificant (P < 0.05) but not between American 
railroad clerks and Italian farmers. For the older 
age groups, the differences between American rail- 
road clerks and both Italian and Yugoslavian 
farmers were significant (P < 0.01 and P z< 
0.001, respectively). 

Taylor and co-workers?? have compared the inci- 
dence of ischemic postexercise S—T depression in 
sedentary and physically active men (Table VIII). 
In both age groups, the incidence of S-T depres- 
sion is significantly higher in sedentary popula- 
tion, corresponding to higher prevalence of coro- 


TABLE VIII 


S-T Segment Depression >0.5 mm After 3 Minutes of 
Walking (Clinically Unselected Railroad Employees) 


Sedentary Physically Active 
(no. — 763) (no. — 771) 
A B C D 
Age (yr) 40-49 50-59 40-49 50-59 
Incidence (95) 5.4 8.2 2.2 2.8 
Difference Avs. B: t = 2.17, P = 0.05 
C vs. D: t 22 0.75, n.s. 
Avs. C: t=.3.28; P = 0.01 
B vs. D: t = 4.64, P = 0.001 


(Condensed from Tables 14 and 16, with addition of statistical 
evaluation. Reprint by permission from Keys et al.’) . 
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Figure 9. Relationship of the rising age-specific prevalence 


of S-T segment depression to the maximal oxygen intake 
(VO;) of healthy men. Note the significant decrement in mean 
oxygen intake in the years prior to the appearance of S-T 
segment depression. (Reprinted by permission from Bruce 
et al.??) 


nary artery disease. The age difference is signifi- 
cant in the sedentary men, but not in the active 
men. 

Bruce et al. by a progressive exercise test with 
inereasing load to maximal capacity, compared 
middle-aged American and Chinese asymptomatic 
men living in Taipei, the latter subdivided into 2 
groups of upper and lower socioeconomic status. 
The incidence of significant S-T depression cor- 
responded to the incidence of coronary heart dis- 
ease (highest in American men, lower in Chinese 
men of upper socioeconomic status and lowest in 
Chinese men of lower socioeconomic status). The 
differences between Americans and both groups of 
Chinese men were highly significant (P <0.01). 

The first observation of age trends in the elec- 
trocardiographic response to fairly strenuous ex- 
ereise was made by Rumball and Acheson?' in 
Royal Air Force personnel. The incidence of sig- 


nificant S-T depression increased from 1.4 percent 
(at ages 19 to 29 years) to 7.1 percent (at ages 45 
to 54 years). 

Exercise electrocardiogram in men vs women: 
Ástrand?* compared age trends of significant S-T 
depression in the exercise electrocardiogram in 
men and women. The age trend is similar, but in 
all age groups the frequency is higher in women. 
A signifieant greater frequency in women was 
found also by other investigators (reviewed by 
Simonson??). This is puzzling because prevalence 
and mortality from coronary heart disease is 
lower in women than in men. It has been suggested 
that coronary atherosclerosis may be more wide- 
spread, but less fatal in women, or that the adren- 
ergic discharge is greater. It was pointed out that 
different normal standards must be used for dif- 
ferent ages and for men and women.® Astrand*® as 
well as other investigators used the same criteria 
for men and women for the response to exercise. 
It would be more appropriate to determine the 
normal limits of the postexercise S-T changes 
separately for clinically healthy men and women 
from their percentile distributions. This probably 
will significantly reduce the large number of false 
abnormal ischemic responses in women. 

VO, and exercise electrocardiogram: Figure 9 
shows the relationship between maximal oxygen 
intake (VO, ) and the frequency of significant S-T 
depression in a progressive exercise test in healthy 
men, dependent on age.?* The decrease of maximal 
VO. precedes the increase of frequency of S- T de- 
pression. The age trend of S-T depression starts 
after age 40 years, that of the drop, of maximal 
VO. after age 21. Since maximal VO; depends 
largely on the cardiac minute volume which, in 
turn, depends on the myocardial oxygen supply, 
one may conclude that from age 40 the decrease of 
maximal VO, has reached a level where it becomes 
critical for the oxygen supply of the heart in an 
increasing number of persons with advancing age. 
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This seminar was organized with the idea of pro- 
viding a survey of recent advances on techniques 
that are currently being used to determine blood 
flow in man. Most investigators and physiologists 
will agree that determination of flow is one of the 
most important measurements of cardiovascular 
function, particularly when this measurement is 
integrated with appraisals of cardiac pressure and 
ventricular volume data. In recent years we have 
observed a vigorous effort by many to develop new 
approaches for determining flow in man with 
use of well established techniques that have been 
applied to dog experimentation. It is becoming 
quite clear that there is an urgent need for meth- 
ods to measure phasic, continuous, instantaneous 
volume flow or velocity of flow in the cardiac 
chambers and major vessels without exposure of 
the circulatory bed under investigation. Mean flow, 
regional distribution of flow and total organ per- 
fusion determinations are equally important, par- 
ticularly when these techniques can be used with- 
out the need for cardiac catheterization. 

This seminar was organized with these ideas in 
mind, and the primary objective is to provide car- 
diologists and internists with an up-to-date con- 
cept of what is being accomplished in these areas. 

The first paper in this seminar, “Techniques 
to Measure Coronary Blood Flow in Man,” by Bing 
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and co-workers describes the use of radioisotopes 
for study of the coronary circulation. Bing’s past 
and current work has been outstanding. He has 
pioneered the development of methods to study the 
coronary circulation in man dating back to the use 
of nitrous oxide methods. His current experience 
with measurement of myocardial microcirculation 
is intriguing and provocative. In his paper, “Ve- 
locity and Flow Measurements by Electromagnetic 
Techniques,” Stein describes his experience with 
the use of the electromagnetic flowmeter to deter- 
mine phasic flow measurement, work which is of 
great practical significance. 

Ganz and Swan describe the use of a thermal 
dilution approach to study ventricular perform- 
ance; the reader will find most useful information 
in this paper, “Measurement of Blood Flow by 
Thermodilution." Theirs is a relatively simple 
technique that will yield a great deal of informa- 
tion. 

Finally, in a paper, “Clinical Application of the 
Doppler Ultrasonic Flowmeter,” our own group 
describes clinical use of a well established tech- 
nique to measure phasic, continuous, instanta- 
neous measurement of blood flow velocities in man 
in a variety of clinical states. 

Although there are inherent limitations and ad- 
vantages of each technique described, it appears 
that each has its own clinical merits. It is hoped 
that this seminar, which will appear each month 
through April 1972, will stimulate other investi- 
gators to continue exploring the many facets of, 
and other new approaches to, measurement of 
phasic blood flow in man. 


The American Journal of CARDIOLOGY 





Techniques to Measure Coronary Blood Flow in Man 


RICHARD J. BING, MD, FACC 
ARMIN RICKART, MD 
KLAUS HELLBERG, MD 


Los Angeles, California 


From the Huntington Memorial Hospital, 
Pasadena, Calif. and the University of 
Southern California, Los Angeles, Calif. 
This study was supported by the Council 
for Tobacco Research, Norris Foundation, 
and Los Angeles County Heart Association. 
Address for reprints: Richard J. Bing, 
MD, Huntington Memorial Hospital, 100 
Congress St., Pasadena, Calif. 91105. 


VOLUME 29, JANUARY 1972 


This paper presents a review of current techniques to measure coro- 
nary blood flow in man. Emphasis is placed on methods utilizing dif- 
fusable gases, diffusable substances, continuous thermodilution and 
ultrasonic Doppler flowmeter. The advantages and disadvantages of 
each method are enumerated, and the general purpose of measuring 
coronary blood flow in man is discussed. 


During the last 20 years, attempts to measure coronary blood flow 
in man have made considerable progress. The impetus for this 
work has primarily come from efforts to measure cardiac metabo- 
lism and to gain insight into the dynamics of the coronary circu- 
lation in health and disease. These aims cannot be accomplished 
with methods generally employed in animals unless the patient's 
chest is opened. The methods to be discussed in this report will be 
primarily concerned with those applicable to patients. In princi- 
ple, those methods can be divided into (1) methods utilizing dif- 
fusable gases; (2) methods utilizing diffusable substances that 
actively enter the cell; (3) measurement of coronary sinus blood 
flow by continuous thermodilution; and (4) methods to measure 
phasic coronary blood flow in man by means of an ultrasonic Dop- 
pler flowmeter. Other procedures described recently, such as coro- 
nary blood flow measurements through single coronary arteries 
by Roentgen densitometry or Anger camera technique, are still 
in the experimental stage and will not be discussed here. 


: Methods Using Diffusable Gases 


Diffusable tracers or gases can be used for calculations of total 
flow based on the Fick principle. The Kety-Schmidt technique,! 
used extensively for the measurement of total cerebral or myocar- 
dial blood flow with N.O gas as an indicator, is a specialized ap- 
plication of the Fick principle.? Blood flow can be measured by 
means of a substance that accumulates or leaves the region to be 
studied. With use of the Fick principle, at equilibrium the tissue 
concentration equals the venous concentration times the blood- 
tissue partition coefficient. The arteriovenous concentration dif- 
ference is determined during the period of saturation or desatura- 
tion after cessation of nitrous oxide breathing. 

To apply this principle, one must collect mixed venous blood 
from the region that drains the heart muscle. It is also necessary 
to know the time required for the tissues to reach equilibrium 
with venous blood. Regions that do not drain into the venous out- 
flow will not contribute to the flow measurement. The procedure 
for total coronary blood flow has also been utilized using sub- 
stances such as “iodine, antipyrine,? krypton, *^krypton,*5 and. 
argon.? It is important to realize that these procedures are based 
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cn concentration of indicator in the venous blood 
from the region to be studied and include flow 
passing through the total capillary beds, including 
both nutritional as well as shunt flow (blood pass- 
ing directly from arteriole to venous channels 
without permitting tissue exchange). Therefore, 
these substances measure total regional blood flow. 
One of the major difficulties in measuring coro- 
nary blood flow with diffusible gases is the effect 
of nonhomogeneous perfusion of the heart muscle. 
In such a case, the arterial and coronary sinus 
concentrations do not come into equilibrium within 
the period of measurement (5 to 6 minutes). It is 
difficult to assess this error quantitatively. 

Nitrous oxide method: Historically, the nitrous 
oxide method was one of the first procedures to be 
utilized for the determination of coronary blood 
flow in man.’ Certain valid theoretical objections 
have been raised against the method. The assump- 
tion of flow homogeneity throughout the heart had 
been earlier questioned: this has been confirmed 
by Hershgold et al. at least for the rat heart. 
Further, distribution of left coronary arterial flow 
has, except for a small percentage, been estab- 
lished as left ventricular. The coronary sinus 
drains primarily left ventricular muscle so that 
one only measures the blood flow through a unit of 
weight of this particular region. The principal 
practical disadvantages of the nitrous oxide 
method for measuring coronary blood flow are 
2-fold: First, one cannot perceive rapid changes 
in coronary blood flow; therefore, reliable data 
cannot be obtained on patients who are not in a 
steady state. The method must be carried out for 
a minimum of 4 minutes until equilibrium of the 
heart muscle with nitrous oxide has been accom- 
plished. Second, although coronary sinus catheter- 
ization is not hazardous, it involves careful, time- 
consuming preparations and some inconvenience 
to the patient. In addition, although in our first 
published report? the difficulties of intubation of 
the coronary sinus were overrated, the procedure 
although feasible in most patients cannot be ac- 
complished in some due to anatomic variations. 

The most pertinent results obtained with the 
method. are the following: Coronary blood flow in 
patients with arteriosclerotic heart disease may 
be normal!?!:; coronary vascular resistance is in- 
creased in hypertension!''; total coronary blood 
flow for the hypertrophied heart is increased al- 
though the flow per unit of tissue is normal"; and, 
finally, although the coronary flow is normal in pa- 
tients with coronary artery disease, the response 
of the coronary circulation in these patients to 
coronary vasodilators is different from that of nor- 
mal individuals.!?!? Another finding is a marked 
increase in coronary flow in patients with a large 
arteriovenous fistula or coarctation of the aorta. 
“Unquestionably the greatest use of coronary sinus 
_ catheterization is in conjunction with the determi- 
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nation of myocardial metabolism in man," How- 
ever, this subject is beyond the scope of the present 
discussion. 


Methods Utilizing Diffusable Substances.That 
Actively Enter the Cell 


Among these substances are rubidium, *ru- 
bidium, *?potassium and *4sodium. The clearance 
of these substances measures only nutritional] 
blood flow. However, these tracers can also be used 
for the measurement of total flow if the Fick prin- 
ciple is applied. Studies on isolated skeletal muscle 
have demonstrated parallel qualitative changes in 
the extraction of rubidium and oxygen after 
nerve stimulation or the administration of vasoac- 
tive agents.!^!9 The factors involved in the ex- 
change of these substances between the blood and 
tissues are (1) rate of capillary flow, (2) capillary 
surface area, and (3) permeability of the capil- 
lary and cell membrane.!5.17.!5 When the blood-tis- 
sue permeability is great in comparison to blood 
flow, the exchange between the blood and tissues is 
essentially a flow-limited process and can be used 
as an estimate of local nutrient circulation.’ 
This applies if one assumes that permeability is 
not limited and that constant clearance of the 
tracer is a function of the volume of capillary 
blood flow available for exchange.!* 

The tracers named are all lipid-insoluble sub- 
stances. It is possible that they become diffusion- 
limited at high flow rates and do not faithfully pre- 
dict local tissue flow under certain cohditions.!?.?9 
The validity of the use of these substances is based 
on the premise that the uptake ot removal of trac- 
ers is a blood flow-dependent process. It is likely 
that membrane permeability to most tracers is not 
limiting but that nonhomogeneity of a tissue can 
influence the results. There are other limitations 
to the use of these tracers. With use of *?pozassium 
or “rubidium, it is important to establish that a 
change in potassium flux does not influence the up- 
take. Efflux of potassium or rubidium from the cell 
should be slow and should not be significantly in- 
fluenced by changes in blood flow rates." However, 
the latter hypothesis has not been established with 
certainty. Other main factors that can impair the 
validity of these tracer methods are cell injury, 
which changes cellular permeability, and the effect 
of gradual saturation of the tissues, which can oc- 
cur with prolonged administration of the tracer. 
It has been shown that prolonged exposure to 9*ru- 
bidium with a rise in tissue level will result in a 
gradual decline in the extraction ratio with time.!? 
This only occurs with infusion but not with a “slug 
injection" of the isotope with short periods of ex- 
posure to the tracer. 

Therefore, flow as measured by means of ru- 
bidium clearance reflects only that portion of the 
total blood flow which is effective in blood-tissues 
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exchange of rubidium. Since rubidium is ex- 
changed only in the capillaries, flow passing 
through non-nutritional channels is not measured. 

Subsequent to the initial studies by Love et al.?! 
using “rubidium and ?*?potassium to ascertain 
myocardial blood flow, radioactive rubidium iso- 
topes, which are handled metabolically by the tis- 
sues in a manner similar to potassium, have been 
widely used for evaluation of myocardial blood 
flow using either direct or external counting tech- 
niques.!?.22,23 The positron emitter *trubidium and 
a double coincidence counting system for external 
measurement for myocardial *trubidium uptake 
were introduced by Bing et al.'? At the onset, a 
constant infusion of rubidium was employed, but 
calculations necessitated computers and were diffi- 
cult to carry out. More recently the determination 
of coronary blood flow has been accomplished with 
a bolus injection of rubidium. The single injec- 
tion of isotope in the measurement of coronary 
blood flow using rubidium was first introduced by 
Donato et al.?* followed by Knoebel et a1.?5 

Since *'rubidium is a positron emitter, it was 
chosen because one may be able to separate myo- 
cardial radioactivity from activity present in sur- 
rounding tissues from the chest wall and from the 
activity of blood in the cavities of the heart. Ex- 
tensive collimation is not necessary.?? Only arterial 
and venous punctures are necessary for the mea- 
surement of nutritional blood flow. For the calcula- 
tion of total blood flow, the coronary sinus must be 
intubated. The double coincidence counting tech- 
nique, which is necessary for determination of 
coronary nutritional and total blood flow with 
*5!rubidium, has been extensively described in pre- 
vious reports from this laboratory.!229.29 Tt should 
be mentioned that allowances must be made for 
chest thickness, background activities and differ- 
ences in efficiency between the coincidence and the 
well counter. 

Fractional distribution of rubidium: The 
method for measuring effective capillary blood 
flow by means of a bolus of **rubidium is based on 
the principle of fractional distribution of rubidium 
after a single intravenous injection of this sub- 
stance.? In principle, the fractional distribution of 
rubidium in various regions corresponds to the 
fractional distribution of the cardiac output. It is 
valid if the extraction ratio of the indicator by the 
organ under study is the same as the overall ex- 
traction ratio of the body. Sapirstein?” found that 
the extraction ratio is not unity but that up to 40 
percent of the injected dose of rubidium recircu- 
lates. He suggested that the myocardial extraction 
ratio of rubidium equals total body extraction ra- 
tio during a period of several recirculations up to 
120 seconds after injection of the isotope. Ru- 
bidium reenters the blood from the tissues very 
slowly. This accounts for the fact that uptake by 
the heart remains a constant fraction of the car- 
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diac output.!9?? The formula for measurement of 
effective capillary blood flow (ECF) has been de- 
scribed in numerous publications from this labora- 
tory, 12,20,26 

Coincidence counting method: This method, us- 
ing “rubidium, was developed over a period of al- 
most 10 years. Although the test itself is easy to 
carry out, it needs continuous monitoring, stan- 
dardization of the *trubidium source and calibra- 
tion of the instrument. The design of the original 
coincidence counting instrument has been consid- 
erably simplified, and its use at the bedside is now 
possible (Co-Nuclear Co., Winnipeg, Canada). The 
differentiation between total and nutritional flow 
with this technique is theoretically a valid assump- 
tion. The question as to what constitutes shunt 
flow as compared to overall flow has been recently 
dealt with in a paper from this laboratory de- 
scribing the coronary capillary microcirculation.”8 

In general, the data when carefully collected 
show a good correlation between total flow and 
effective coronary flow under control conditions. 
Some pertinent results obtained with this tech- 
nique concern the effect of drugs on the coronary 
circulation. It was found, for example, that infu- 
sion of norepinephrine or nicotine increases total 
coronary flow to a larger extent than nutritional 
coronary blood flow.?? Isoproterenol, on the other 
hand, causes a proportionate increase in total and 
nutritional coronary blood flow. The difference in 
response of the effective coronary flow to isopro- 
terenol and norepinephrine cannot be explained by 
the flow dependency of “rubidium extraction. 
Since membrane and capillary flow permeability 
and available capillary surface area determine the 
extraction ratio of rubidium and, thus, the effec- 
tiveness of capillary flow, the different responses 
to the norepinephrine and isoproterenol can be ex- 
plained either by a specific action of these drugs on 
the permeability of capillary or cell membranes or 
by an effect on capillary flow. Winbury!9?29? and 
Renkin* and their co-workers, by measuring clear- 
ance of rubidium at constant flow rates in skeletal 
muscle in dog heart, showed that norepinephrine 
has an effect on precapillary sphincters which reg- 
ulate capillary surface area. 

The method also has confirmed a dichotomy in 
the response of the coronary circulation in normal 
as compared to atherosclerotic coronary arteries. 
This was first observed with reference to nitro- 
glycerin???! and was later extended by Knoebel et 
al?? to isoproterenol. Rickart et al3? confirmed 
these findings in animals with and without restric- 
tion of coronary flow induced by ameroid rings 
placed around the coronary arteries of the dog. 
Other studies in patients with acute myocardial in- 
farction demonstrated a significant decrease in 
effective coronary flow within 4 days of infarction. 
The low flow persisted in 1 patient 6 weeks after' 
the initial injury. ES 
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Since the method is based on Sapirstein's prin- 
ciple, it follows that the extraction ratio of tru- 
bidium by the body and by the heart must be equal 
during the period of observation under all condi- 
tions. Little information is available on the 
equality of the extraction ratios of the heart and 
body when a portion of the myocardium is in- 
farcted. 

Precordial radioactivity method: Mention also 
should be made of determination of myocardial 
blood flow in man by the determination of precor- 
dial radioactivity after the injection of solutions of 
radioactive gas directly into the coronary arteries. 
Direct injection into the coronary arteries is nec- 
essary in these instances, since otherwise it is not 
possible to separate the activity of the heart from 
that of surrounding structures. The advantages of 
the method are that one is able to separate flow 
through the right and left coronary circulations 
and that flow values can be directly correlated to 
the anatomic findings obtained on coronary arte- 
riography. Gases used are krypton and '"?xenon. 
As with nitrous oxide, one determines total coro- 
nary blood flow with these gases. In man, '??xenon 
is preferred." 


Measurement of Coronary Sinus Flow by 
Continuous Thermodilution 


Dye-dilution or thermodilution procedures in 
the measurement of coronary sinus flow have been 
employed by a number of investigators.?*?5 Using 
dye-dilution methods, Nakamura et al. insert a 
catheter into the coronary sinus and a polyethyl- 
ene tube through the catheter, which then pro- 
trudes from the tip of the coronary sinus catheter 
into the coronary sinus. An indicator (indocya- 
nine green) is then injected through the polyethyl- 
ene tube at a constant rate. Coronary sinus blood 
is drawn through the catheter and dye concentra- 
tions of the plateau in the dye concentration are 
measured. Coronary sinus flow can then be calcu- 
lated. These authors?? believe that the method is 
reproducible in spite of positional changes of the 
coronary sinus catheter. 

Ganz et al?* used a similar principle but em- 
ployed thermodilution instead of the indicator 
dye. They used a specially designed catheter (Wil- 
ton Webster Manufacturing Company, Altadena, 
Calif.) for the measurement of coronary sinus 
blood flow. In the lumen of the catheter, separated 
by a thermically insulating space of air, a Nylon? 
tubing serves for injection of indicator. It is con- 
stricted distally to an injection orifice. A thermis- 
toris mounted on the shaft of the catheter 10 to 15 
mm proximal to the injection orifice. A second 
thermistor lies inside the Nylon tubing close to 
the injection orifice to measure the temperature of 
-the injectate just prior to its mixing with the 
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bloodstream. Temperatures are measured with 
thermistors. A large volume capacity pump was 
used for injecton of indicator. 

Normal values obtained for coronary sinus blood 
fiow ranged between 83 and 158 ml/min (mean 
123 ml/min). The mean coronary sinus flow*is 70 
+ 14 ml/min. As is to be expected, there was no 
difference between normal values and those ob- 
tained in patients with coronary artery disease. 
Certain limitations must be kept in mind. In the 
first place, good mixing of blood with the injectate 
is the basic assumption for the accuracy of the 
method, as it is for all procedures of dilution. This 
can be obtained at relatively high rates of injection 
of the indicator. The question must also be raised 
as to what extent coronary sinus blood flow repre- 
sents perfusion of the left ventricular myocar- 
dium. It has been stated by Rayford et al.? that in 
dogs 75 to 95 percent of left coronary arteria! flow 
is recovered in the coronary sinus and that the 
ratio remains reasonably constant under various 
hemodynamic conditions. Anatomic studies have 
shown that the left ventricle is drained primarily 
by the coronary sinus. The method necessitated 
coronary sinus catheterization with the accom- 
panying minor discomfort to the patient anc ma- 
jor preparations for the laboratory. Advantages 
are that the equipment is simple and inexpensive 
and that the procedure can be carried out in con- 
junction with other cardiac catheterization proced- 
ures. 


Methods to Measure Phasic Coronary 
Blood Flow in Man by 
an Ultrasonic Doppler Flowmeter 


This method is based on the Doppler principle as 
formulated by Franklin®* and by Benchimol®* and 
their co-workers. In principle, measurements are 
carried out by means of a Doppler catheter flow- 
meter, constructed according to the technique de- 
scribed by Benchimol. Two hemidiscs of piezcelec- 
tric crystals are used. They are mounted at the 
end of a cardiac catheter which is connected to the 
Doppler ultrasonic flowmeter-telemetry system. 
Velocity of blood is measured according to the 
Doppler shift principle. A high frequency sound 
from 1 crystal hemidisc is beamed to the blood 
passing through the vascular lumen around the 
catheter. That portion of the emitted sound which 
is back-scattered by blood particles is detected by 
the other crystal hemidisc. The reflected signa! dif- 
fers in frequency from the original or incident sig- 
nal by an amount proportional to the velocity of the 
target, in this instance the blood cells. Thus, the 
frequency of the backscattered sound is propor- 
tional to blood velocity. By use of a magnetic tape, 
the output of the audio signal and of the converted 
analog record can be recorded. By taking a fixed 
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frequency from a signal generator and applying 
it to the input of the frequency to voltage con- 
verter, the record can be calibrated. Blood velocity 
is then computed by the Doppler shift formula.?9?* 
Calibration is accomplished by obtaining zero flow 
velocity by briefly interrupting the input signal 
through the frequency meter, since zero frequency 
shift corresponds to zero velocity. It should be 
pointed out here that the method does not measure 
blood flow but rather blood velocity. Details of the 
method can be obtained from the papers by 
BenchimoP? and Franklin?’ and their co-workers. 

The advantage of the procedure is that phasic 
blood velocities can be measured in man using 
either a transcutaneous approach or probes surgi- 
cally implanted around the blood vessels. With this 
method, Benchimol et al?* have measured right 
ventricular blood velocity in man and have re- 
cently been able to record phasic eoronary blood 
velocity as well.?? The latter has been accomplished 
by placing the tip of the Doppler catheter at the 
ostia of both or either of the coronary arteries 
where measurements were made. The technique 
used to position the catheter at the ostia of the 
coronary arteries is essentially the same as that 
used for selective coronary arteriography. 

Coronary blood velocity: Using this procedure, 
Benchimol et al. demonstrated the feasibility of ob- 
taining continuous measurement of instantaneous 
phasic coronary blood velocity in man. In general, 
the velocity wave pattern agrees with the observa- 
tion of others*® made in animals in which electro- 
magnetic or ultrasonic flowmeters were inserted 
for long periods. At the onset of isovolumic con- 
traction, there is an abrupt decrease in coronary 
blood velocity. As the level of aortic pressure rises, 
coronary blood velocity increases rapidly to a rela- 
tively low peak and decreases again during the pe- 
riod of slow ventricular ejection. With the onset of 
isovolumic relaxation, blood velocity increases 
rapidly, peaking early in diastole at the time of 
rapid ventricular filling. This peak is of short 
duration; then the velocity tracing progressively 
returns toward the base line to reach its lowest 
point at the end of atrial systole. Velocity patterns 
were not different in patients with coronary artery 
disease, except in 1 patient with near total occlu- 
sion of the proximal segment of the right coronary 
artery, in whom, close to the occlusion, the velocity 
pattern was continuous throughout the entire car- 
diac cycle due to a large increase in the systolic 
fraction. Benchimol?? considers that an increase in 
blood velocity during systole is an important com- 
pensatory mechanism in patients with severe per- 
fusion deficit due to coronary artery disease. Using 
their method, Benchimol et al.?? found that nitro- 
glycerin increases coronary blood velocity both in 
normal persons and in patients with coronary ar- 
teriosclerosis. 


VOLUME 29, JANUARY 1972 


TECHNIQUES TO MEASURE CORONARY BLOOD FLOW 


The main limitation of the technique is the need 
for correct positioning of the catheter tip. If the 
catheter tip lies against the wall of the aorta or 
coronary artery, adequate velocity signals can be 
obtained in only 70 percent of patients. Blood flow 
measurements cannot be made unless the cross-sec- 
tional area of the coronary artery is known. Fi- 
nally, the technique is based on an invasive proce- 
dure. Unquestionably the main advantage of the 
technique is that phasic measurements of coro- 
nary blood velocity in man are a feasible tool. 


Conclusions 


In the foregoing discussion, various clinically 
applieable methods for the determination of coro- 
nary flow have been discussed. Each possesses indi- 
vidual advantages and disadvantages. 

The nitrous oxide method demands a prolonged 
steady-state and catheterization of the coronary 
sinus, and it determines total coronary flow for a 
unit of left ventricular muscle. Its greatest ad- 
vantage lies in its use in combination with the 
study of cardiac metabolism. The coincidence 
counting method, utilizing the positron emitter 
“rubidium, permits determination of both nutri- 
tional and total coronary blood flow. Catheteriza- 
tion is not required for the former. Its accuracy 
depends on the validity of the fractional distribu- 
tion principle and on the fact that coronary flow 
and not cell permeability must be rate-limiting. 

The chief difficulty of methods utilizing dye or 
thermodilution principles lies in obtaining ade- 
quate mixing between the point of injection and 
sampling. Here, too, as in the nitrous oxide 
method, the question of the area drained by the 
coronary sinus is pertinent, and catheterization of 
the coronary sinus is essential. By utilizing the 
Doppler principle, one can obtain phasic changes 
in coronary flow in man. The method necessitates 
catheterization of the ostia and measures blood 
velocity rather than flow. 

One may ask a final question: Why all the effort 
to measure coronary blood flow in man? It is true 
that the clinical and diagnostic value of the deter- 
mination of coronary flow is still limited, as com- 
pared to direct visualization of coronary arteries 
by angiography. However, it is likely that the 
tests based on the different response of the coro- 
nary circulation to nitroglycerin or isoproterenol 
reveal changes in functional response of the coro- 
nary circulation. The greatest benefit from these 
measurements is derived from fundamental in- 
sight gained in the behavior of the coronary circu- 
lation. These studies, together with those carried 
out on the coronary microcirculation, are bound to 
influence basic and clinical concepts concerning 
ischemic heart disease. ; 
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Currently there is an increasing awareness of the magnitude and 
scope of the problem of thrombosis; renewed interest in this lesion 
also has been spurred by better appreciation of the limitations in- 
herent in the use of the available anticoagulant agents as well as de- - 
velopments in new forms of antithrombotic therapy. Surprisingly, 
concern over coronary artery thrombosis as a proximate event pre- 
cipitating acute myocardial infarction hás not received thé attention 
it deserves even though the most recent studies indicate that a 
thrombotic episode occurred in approximately 90 percent of patients 
who died after a classic acute myocardial infarction. This article 
briefly reviews (1) current concepts of the pathogenesis of acute 
coronary thrombosis; (2) the basis for, and developments in, the use 
of anti-platelet aggregating agents for prophylactic purposes; and (3) 
prospects for the application of thrombolytic agents to the treatment 
of acute myocardial infarction. 


The eradication of cancer, which is receiving much publicity 
lately, is a most laudatory objective for this decade, but more im- 
portant from a public health standpoint is the solution of the 
problem of occlusive disease of the arteries. The latter remains the 
number 1 health hazard facing the aging population of the West- 
ern world, afflicting probably more than 2 million persons a year 
in the United States alone and likely to grow in incidence and 
numbers as longevity increases. Most important in this regard is 
acute myocardial infarction since it is estimated that this compli- 
cation will be suffered by more than 1 million persons this year. 
Arterial occlusive disease is most often related to atheromatous 
involvement of the vessel; therefore, concern over this lesion is 
well justified, and its control undoubtedly will have a far-reaching 
impact on morbidity and mortality. However, occlusive disease of 
the arteries is usually a mixture of atherosclerosis and thrombosis 
and, while the relative contribution of each and the relation be- 
tween them remain unsettled, most pathologists agree that the 
decisive acute occlusive events that precipitate major pathologic 
sequelae are usually thromboembolic in nature. Accordingly, it is 
encouraging to note that the thrombosis problem is beginning to 
receive the attention it deserves. In this respect, it is rewarding 
to see the leadership being exerted by the major “heart” oriented 
organizations: The National Heart and Lung Institute is creating 
several multidisciplinary Thrombosis Research Centers; the 
American Heart Association has established a Council on Throm- 
bosis; and the American College of Cardiology has demonstrated 
its involvement through superb educational programs and in af- 
fording me the opportunity to give this Founder's Lecture. 
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TABLE I 


Newer Studies on Prevalence of Thrombotic Coronary 
Artery Occlusion in Patients Dying After Myocardial 
Infarction of Recent Origin 


Prevalence of 





Thrombotic 
Source Occulsion (96) 
Mitchell and Schwartz (1963)! 88 
Harland and Holburn (1966) 91 
Davis (1970)* 96 





Coronary Artery Thrombosis in 
Myocardial Infarction 

Considering the renewed interest in thrombosis, 
it is quite surprising that concern over coronary 
artery thrombosis has not received the attention it 
deserves. Lack of interest in coronary thrombosis 
probably reflects a changing attitude concerning 
the importance of this lesion in the pathogenesis of 
acute myocardial infarction. Two decades ago, the 
term acute coronary thrombosis was used almost 
synonymously with acute myocardial infarction; 
today the terms are used independently, and rarely 
does the physician attempt to identify the proxi- 
mate event leading to the infarction and, when he 
does, thrombosis no longer appears to have the 
prominence it once enjoyed. Undoubtedly this 
changing attitude is based on pathologic observa- 
tions that indicate that acute thrombi are infre- 
quently found in patients dying suddenly of a 
*heart attack," and on the argument that, when 
thrombi are found in patients with proved myocar- 
dial infarction, they represent an effect of the in- 
farct rather than its cause. Let us analyze these 
aspects further. 

Most of the confusion over incidence arises from 
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difficulties in case selection and in the methods of 
pathologie examination: In many of the studies, 
all cases of sudden death were included with the 
more classic myocardial infarctions and, when the 
vessels were examined, they were either cut longi- 
tudinally, which is an excellent method for’ dis- 
lodging thrombi, or sectioned horizontally at sev- 
eral sites but far enough apart to overlook small 
thrombi. 

Recent observations on sudden death (within 
an hour of onset of symptoms) indicate that most 
of these fatalities probably arise from an acute 
arrhythmia, not from a myocardial infarction; 
that is, the latter is not the usual cause of sudden 
death. Therefore, it is not surprising that the in- 
cidence of demonstrable coronary thrombosis is 
low in this group. When cases of sudden death are 
eliminated, and examination of the coronary ves- 
sels is (1) restricted to patients who die with well 
documented clinical and pathologic evidence of re- 
cent infarction, and (2) carried out with serial sec- 
tions made every 2 to 3 mm and, when indicated, 
the vessels decalcified before sectioning, then each 
of the 3 most recent studies! (Table I) has dem- 
onstrated an incidence of thrombotic occlusion 
which approximates 90 percent. The thrombi usu- 
ally occurred at sites of narrowing of the vessel 
consequent to an underlying atheromatous plaque, 
and most often were less than 5 mm long, although 
some extended for several centimeters. The left an- 
terior descending branch was most frequently in- 
volved, followed by the right coronary artery and 
the left circumflex branch. Interestingly, thrombi 
in the left anterior descending branch usually were 
found within the first 2 cm of origin, whereas 
thrombi in the right coronary artery demonstrated 
no predilection as to site, with some thrombi found 
as far as 10 cm from the origin of the vessel. 


Figure 1. Thrombosis on atheromatous 
plaque of coronary artery. (Reproduced by 
permission from Constantinides‘) 
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Pathogenesis of Coronary Artery Thrombosis 


The high incidence of coronary artery thrombo- 
sis in patients with unequivocal evidence of acute 
myocardial infarction does not establish a patho- 
genetic role for this event, particularly as the sug- 
gestion has been made that the thrombosis is a 
consequence of the tissue necrosis. The latter view 
is difficult to reconcile with data from the more de- 
tailed histologic studies of Constantinides* and 
“confirmed by others.?5 These investigations estab- 
lished clearly that almost all thrombi were super- 
imposed on and associated with fissures, cracks or 
ulcers in the intima of atheromatous or fibrosed 
arterial walls (Fig. 1). Note the mushy atheroma- 
tous plaque at the bottom, the break in the fibers of 
the intimal wall just above it, which is filled with 
a platelet mass, and, at the top left, a superimposed 
fibrin-red cell coagulum. These observations have 
led to the inescapable conclusion that thrombosis 
in the major arteries of the heart is initiated in 
most cases by the breaks in the vessel wall al- 
though, admittedly, the rate of growth, ultimate 
size and fate of the thrombus is dependent on other 
factors, such as platelets, fibrin formation, fibri- 
nolysis and vascular flow. Most convincing in es- 
tablishing the primacy of the intimal interruption 
in initiating the thrombosis is that the breaks are 
covered and filled by platelet masses and that frag- 
ments of the atherosclerotic wall, including shreds 
of collagen, are often buried in the thrombi. 

Consequently, although many of the details re- 
main to be elaborated, a useful outline (Fig. 2) has 
emerged for the pathogenesis of acute coronary 
thrombosis: For one or more reasons (aging and 
hardening, trauma from vascular flow or a micro- 
hemorrhage in the vascular wall), a plaque or fi- 
brosed vessel wall cracks, exposing the subendo- 


ANTITHROMBOTIC THERAPY 


thelial microfibrils and collagen of the subintimal 
tissue; the latter trigger the sticking, aggregation 
and formation of a platelet mass; this is followed 
by the release of platelet factors, which results in 
the deposition of fibrin sufficient to stabilize the 
platelet mass and also serves to initiate the devel- 
opment of a superimposed fibrin-red cell coagu- 
lum. The end result is a typical arterial thrombus 
which occludes the vessel and leads to severe isch- 
emia, myocardial necrosis and infarction. 

Acceptance of this view, which best fits the in- 
formation available at present, reestablishes the 
primacy of acute coronary thrombosis as the im- 
mediate cause of most cases of acute myocardial 
infarction and indicates the importance of throm- 
bus prevention as an immediate goal for influenc- 
ing strikingly the incidence of acute myocardial 
infarction. 


Prevention of Coronary Artery Thrombosis 

What are the prospects for the effective preven- 
tion of coronary thrombosis other than through 
the elimination of the underlying atherosclerosis ? 
The long-term use of coumarin compounds, which 
has been in vogue for many years, does not sig- 
nificantly affect platelet sticking and aggregation 
to the site of the vascular lesion, and it is the plate- 
let mass which must be prevented if we are to in- 
hibit the formation of a coronary thrombus. Thus, 
the immediate objective is well defined—to develop 
agents capable of inhibiting platelet sticking and 
aggregation to the site of vascular lesions in man. 

Platelet anti-aggregating agents: The investi- 
gation and development of platelet anti-aggre- 
gants has been underway for some time; the pros- 
pects look bright for the future, although ad- 
mittedly much remains to be done. There are many 
pharmacologically active anti-aggregating agents 


Incitant (?—aging and hardening, trauma from flow, microhemorrhage, etc.) 


Intima fractures 


Subendothelial myofibrils and collagen fibers of subintimal tissue exposed 


Platelets stick and aggregate with formation of platelet mass 


Platelet factors released 


Activation of fibrin formation and clotting mechanism 


STABILIZATION OF PLATELET MASS (WHITE HEAD) 


Figure 2. Pathogenesis of acute 
coronary artery thrombosis. 
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but 3 have come to the fore (aspirin, sulfinpyra- 
zone and dipyridamole) 5; all have demonstrated 
an effect in vitro and in experimental animal 
models and currently are in various stages of clini- 
cal investigation. Considering that the in vivo ef- 
feets of these agents in preventing arterial throm- 
bus formation in man may not correlate too closely 
with observations on inhibition of platelet aggre- 
gation in vitro, or on thrombus prevention in ex- 
perimental animal models, it would be most help- 
ful if we had available a human disease state in 
which the pharmacologic effects of the anti-aggre- 
gating agents could be screened quickly and under 
controlled conditions; such information would be 
most useful before embarking on major clinical 
trials which will require large numbers of patients 
and extend over several years. 

From a practical standpoint, the most useful 
model for obtaining quick answers to the in vivo 
efficacy of an antithrombotic agerit would be in the 
prevention of thrombosis in the deep veins of the 
lower limb, particularly if this could he combined 
with a sensitive technique, for example, !?5I-la- 
beled fibrihogen scanning to demonstrate early or 
incipient thrombosis. However, the lesion in this 
instance is a venous thrombus in which platelet 
niass formation is unlikely to plày a major role. 
More appropriate would be an arterial lesion; here 
the 2 most attractive areas for study are emboliza- 
tion from valvular prostheses and transient cere- 
bral ischemic attacks. Although either would be a 
good model, surgical developments are restricting 
the availability of suitable patients. New types of 
artificial valves are being introduced frequently, 
in an attempt to cireumvent thromboembolic and 
other complications, and for transient ischemic at- 
tacks, surgical endarterectomy is being performed 
to an increasing extent, particularly when signifi- 
cant carotid vascular lesions are demonstrated by 
angiography. Nevertheless, plans are underway to 
test the effect of aspirin in reducing the frequency 
of transient ischemic attacks. Meanwhile, pres- 
sures are mounting for the immediate institution 
of a trial of platelet anti-aggregants in the preven- 
tion of coronary thrombosis ; such a trial needs to 
be undertaken, but only when adequate informa- 
tion is at hand to make wise decisions as to the 
best agent and dosage tó employ. 


Antithrombotic Therapy in Acute 
Myocardial Infarction 


Anticcagulants 


What are the prospects in antithrombotic ther- 
apy for patients undergoing an acute myocardial 
infarction? Although heparin and coumarin ther- 
apy have been in common use for many years, ex- 
perience has taught us that these agents are pri- 
marily useful for the prevention of venous throm- 
botic disease and its complications; they have lit- 


tle value in influencing the formation of an ar- 
terial thrombus or its subsequent resolution. As 
such, they are not designed to have a striking im- 
pact on the morbidity and mortality from acute 
myocardial infarction; their value in this discrder 
is restricted to thrombus growth in the coronary 
vessels, and to the prevention of venous thrombo- 
sis, pulmonary embolism, mural thrombus forma- 
tion and systemic embolization. The former does 
not appear to be an important consideration, and 
the latter complications account for approximately 
6 percent of the deaths. Intensive anticoagulant 
therapy probably has eliminated half of these, but 
such a gain represents only a small fraction of the 
problem of survival following an acute infarct. 
Pump failure is the most important consideration, 
and more appropriate for its treatment would be 
the rapid restoration of blood flow through re- 
moval of the occluding thrombus. If the latter can 
be achieved medically by thrombolytic agents in a 
simple and reliable manner without undue hazard, 
the rapid reperfusion of the affected myocardium 
is likely to salvage some of the dying muscle, im- 
prove myocardial function and diminish irritabil- 
ity. 


Thrombolytic Agents 


At the present time, 2 powerful clot-dissolving 
agents, streptokinase and urokinase, stand ready 
to be tested in acute myocardial infarction. These 
agents, when used in appropriate dosage, have 
been shown to produce an active thrombolytic 
state in vivo capable of mediating thrombolysis 
and, although the clinical experience with each 
differs markedly, both agents have demonstrated 
ability to dissolve human thrombi in vivo. Let me 
briefly summarize the present state. 

Streptokinase: The clinical experience with 
streptokinase already has assumed extensive pro- 
portions, sufficient in size and scope to indicate the 
areas where it is likely to prove beneficial.*.! 
Streptokinase is a secretory protein of hemolytic 
streptococci and the most widely used laboratory 
activator of human plasminogen, the naturally oc- 
curring fibrinolytic enzyme precursor. It was orig- 
inally developed for thrombolytic purposes in the 
United States,!? where it served as a model for 
establishing the scientific basis and therapeutic po- 
tential for the in vivo use of plasminogen áctiva- 
tors. The investigation of streptokinase was ter- 
minated here in 1960 because of its antigenicity 
and the tendency for preparations to elicit uride- 
sirable and ill-understood pyrogenic reactions. 
Since the substance coüld bé produced relatively 
inexpensively and in large quantities, several for- 
eign pharmaceutical firms undertook the further 
development of streptokinase and it subsequently 
became commercially available abroad. Pyrogenic- 
ity was minimized by the production of more puri- 
fied preparations, and therapy was streamlined 
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through the introduction of practical dosage sched- 
ules which, when monitored by simple laboratory 
tests, cireumvented many of the difficulties orig- 
inally encountered here. Although the antigenicity 
of streptokinase will always impose restrictions on 
its utility, particularly in the retreatment of per- 
sons suffering from recurrent thrombotic episodes, 
this has not proved to be a deterrent to its clinical 
acceptance, It is estimated that perhaps 50,000 pa- 
tients have received streptokinase therapy; most 
‘of the experience has been in West Germany, 
Switzerland, Sweden and Australia, and indica- 
tions exist that streptokinase is being used in Rus- 
sia as well. Currently, streptokinase is once again 
under active study in the United States. 

. The use of plasminogen activators, like strepto- 
kinase, is based.on data! which suggest that the 
most sensitive mechanism for thrombolysis in- 
volves the diffusion of an activator into the throm- 
bus with conversion of the plasminogen within the 
thrombus to the active fibrin-dissolving enzyme, 
plasmin; thus, one of the practical therapeutic 
questions has been whether local perfusion of an 
occluded vessel with streptokinase would have ad- 
vantages over the systemic intravenous adminis- 
tration of the agent. Although this question is not 
resolved, most investigators agree that systemic 
intravenous administration achieves as good a 
result as local perfusion; thus, unless a catheter is 
already in situ, no need exists for such an ancillary 
procedure. 

Most investigators are now using a fixed dosage 
schedule, that is, a loading dose of 250,000 units of 
streptokinase followed by a sustaining infusion 
of 100,000 units/hour. Although patients vary 
greatly in their resistance to streptokinase due to 
the presence of variable amounts of antistrepto- 
kinase and other inhibitory substances, this regi- 
men contains sufficient streptokinase to overcome 
the resistance of approximately 85 to 90 percent of 
the patient population and maintain free circulat- 
ing levels of the agent sufficient to induce and sus- 
tain an active thrombolytic state. While the latter 
can be monitored by measurements of circulating 
fibrinolytic activity, the only test necessary is the 
thrombin time, that is, the speed of clotting upon 
the addition of an excess of thrombin to plasma. In 
the presence of thrombolytic agents, the thrombin 
time reflects the appearance and accumulation of 
fibrinogen breakdown products, and indirectly be- 
comes a measure of the activity of the thrombolytic 
state. Thus, in patients with high resistance, the 
thrombin time shows little change, suggesting the 
need for a higher dose; alternatively, an excessive 
increase in the thrombin time indicates high levels 
of circulating proteolytic activity and an enhanced 
risk of bleeding and may call for a decrease in the 
dose level. 

The major hazard with streptokinase, as with 
other thrombolytic agents, is bleeding; this is most 
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often encountered at the scene of invasive proce- 
dures (venous cut-downs, needle sticks, arterial 
punctures, and others) or at the site of intramus- 
cular injections. Bleeding from these sites is usu- - 
ally controllable by local pressure, but on occasion 
more serious bleeding may occur into areas of 
trauma or recent operative wounds. The contrain- 
dications for streptokinase are the same as for an- 
ticoagulant agents. Other undesirable effects at- 
tributable to streptokinase are an occasional se- 
vere pyrogenic reaction, rash and, in rare in- 
stances, an anaphylactoid-like syndrome. 

While investigators have been concerned over 
the possibility that dissolving clots may embolize, 
this has not proved to be a significant hazard; 
thrombi undergoing dissolution progressively 
shrink in size rather than break up into fragments. 
The question also has been raised as to whether a 
prolonged thrombolytic state may be followed by a 
"rebound" thrombotic state at sites other than 
that of the original lesion. Short courses of strep- 
tokinase therapy—that is, for 24 hours— when 
followed by adequate anticoagulation have not 
been associated with unexpected thrombotic 
events. With longer courses of therapy, new 
thrombi occasionally have been observed even in 
the presence of anticoagulation; however, the sig- 
nificance of these casual observations requires fur- 
ther clarification. 

The clinical experience with streptokinase cov- 
ers almost all types of thromboembolic diseases, 
certain areas having been studied more adequately 
than others. The observations on acute deep vein 
thrombosis indicate that about 50 to 60 percent of 
the treated vessels will show considerable angio- 
graphic clearing after streptokinase therapy, and 
the chance of resolution is much higher if the 
streptokinase is given within 96 hours of the clini- 
cal onset of symptoms. When evidence is provided 
that thrombus dissolution decreases the incidence 
of postphlebitic venous insufficiency, then throm- 
bolytic therapy will become the immediate treat- 
ment of choice in the management of deep vein 
thrombosis. 

In acute arterial thrombosis involving the lower 
limbs, satisfactory dissolution of thrombi can be 
anticipated in approximately half the treated pa- 
tients ; in embolic disease, the incidence of success 
is much higher. Surgery is still preferred to fi- 
brinolytic therapy for aorto-iliac occlusion since 
the results of endarterectomy for this lesion are 
generally excellent, but streptokinase is consid- 
ered more efficacious than surgery for the manage- 
ment of occlusions situated in the popliteal artery 
or more distally. In femoral artery thrombosis, 
streptokinase yields results comparable to those of 
surgery and currently is being used first unless 
there is evidence to suggest impending irreversible 
damage to the limb. 

Opinions differ on the use of streptokinase for 
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TABLE Il 


Urokinase-Pulmonary Embolism Trial: 
Patient Characteristics 


Heparin Urokinase Total 
(no. — 78) (no. — 82) (no. — 160) 

Class 

I-S 35 33 68 

I-M 38 40 78 

II-S 1 2 3 

IIl-M 4 7 11 
Sex 

Male 45 47 92 

Female 33 35 68 
Age (yr) 

<50 34 44 78 

>50 43 36 79 

Class | = patients without shock; Class II = patients with 


shock. M = massive embolism indicating occlusion of 2 or more 
lobar arteries with clot; S = submassive embolism involving at 
least 1 segmental artery. 


the management of chronic arterial occlusions of 
the lower limb: some claim it is quite useful while 
others are less enthusiastic. 

In acute pulmonary embolism 24 hours of strep- 
tokinase therapy has produced an effect similar to 
that recently reported for urokinase; significant 
lysis of pulmonary emboli has been achieved with 
a restoration of the hemodynamic abnormalities 
toward normal. As with urokinase, the effects are 
more striking with massive pulmonary embolism 
than with involvement of the smaller pulmonary 
arteries; this is not an unexpected finding since 
emboli in the main pulmonary artery or its major 
branches are more exposed to the action of the 
clot-dissolving agent. When one considers the high 
mortality associated with pulmonary embolectomy, 
particularly in the aged and in those with underly- 
ing heart disease, it is likely that thrombolytic 
therapy will become the initial therapy of choice 
for the management of most patients seriously ill 
with an acute massive pulmonary embolism. 

Since a major goal has been to prove the useful- 
ness of streptokinase in the management of acute 
myocardial infarction, a series of controlled multi- 
institutional trials have been undertaken abroad; 
to date, 3 have been concluded!** and 1 is still 
underway. In each, streptokinase has been in- 
fused continuously for a 24 hour period and as 
early as possible after hospitalization; however, 
there have been differences in design among the 
various trials. The first, conducted in Germany, 
included 558 patients of whom 297 were treated 
with streptokinase and 261 with anticoagulant 
agents. The early, late and total mortality rates 
were considerably reduced in the group treated 
with streptokinase; the difference in the total mor- 
tality being significant at a P value of 0.05. Other 


conclusions drawn from this study were as fol- 
lows: (1) Streptokinase therapy reduced mortal- 
ity between the second and fortieth day after in- 
farction from 22 to 14 percent; (2) no significant 
risk could be attributed to the use of streptokinase 
in acute myocardial infarction; (3) serial dfffer- 
ences in the eleetrocardiogram between the 2 
groups of patients suggested that streptokinase 
was beneficial in myocardial infarction; and (4) 
the higher incidence of rudimentary infarction in. 
patients treated with streptokinase suggested that 
in a number of patients the early use of thrombo- 
lytic therapy was reducing the extent of cardiac 
muscle necrosis. Since the first trial did not em- 
ploy appropriate randomization, corrections were 
made in a second German trial. The data from the 
latter!? support the observations made in the first 
trial. Recently, a multicenter trial including hospi- 
tals in Germany, Holland, Austria and Belgium! 
has been concluded, and the results are being pre- 
pared for publication; preliminary analysis also 
indicates a reduction in mortality favoring strep- 
tokinase. Finally, in a trial! currently underway 
in Australia, the results from the first 127 patients 
also indicate a trend in favor cf streptokinase. 
Thus, considerable evidence is beginning to accu- 
mulate that streptokinase therapy may play a use- 
ful role in the management of acute myocardial 
infarction. 

Urokinase: The experience with urokinase is 
quite limited since this material has never been 
commercially available and its investigation is 
being restricted to carefully controlled trials in 
specific lesions. Urokinase is a plasminogen activa- 
tor normally present in human urine; it is made by 
the kidneys presumably to keep the renal tubules 
and urinary tract free of fibrinous deposits. Its 
virtues lie in its nonantigenicity, nonpyrogenicity 
or other toxicity except bleeding, and its ability to 
induce a more reliable thrombolytic state with 
milder aberrations in the hemostatic mechanism 
than seen with streptokinase. After solution of the 
production problems, partially purified prepara- 
tions of human urokinase free of toxic impurities 
were prepared by Sterling-Winthrop and Abbott 
Laboratories, and the clinical investigation of the 
agent sponsored by the National Heart and Lung 
Institute. 

Following the acquisition of appropriate phar- 
macologic data in man!’ the initial evaluation of 
urokinase was undertaken in acute pulmonary em- 
bolism ; most important in this choiee was that pul- 
monary angiography, hemodynamic measurements 
and lung scanning were available to assess the ef- 
fects of this agent on the embolism. 

The recently concluded first phase of the 
multi-institutional Urokinase-Pulmonary Embo- 
lism Trial!’ has established the ability of a 12-hour 
intravenous infusion of urokinase to lyse pulmo- 
nary emboli, increase pulmonary capillary perfu- 
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sion and decrease the hemodynamic abnormalities 
associated with this disorder ; the following figures 
taken from the presention of John Murray for 
the Urokinase-Pulmonary Embolism Trial Study 
Group at the 1970 annual meeting of the American 
Hezrt Association highlights the observations 
made: 

Table II shows the patient distribution by drug, 
class, sex and age. The 160 patients who entered 
ethe trial were randomly allocated by class and in- 
stitution for treatment with heparin or urokinase; 
78 were treated with heparin and 82 with uro- 
kinase. The patients were classified by the pres- 
ence or absence of shock. In class I are patients 
without shock; in class II are patients with shock; 
S and M refer to the angiographic classification of 
the size of the embolus—S or submassive embolism 
indicating involvement of at least 1 segmental ar- 
tery and M or massive indicating occlusion of 2 or 
more lobar arteries with clot. There was an equal 
distribution between the 2 treatment groups by 
class and sex, but more young patients were in the 
group treated with urokinase. 

Objective evaluation was dependent on hemody- 
namic, angiographic and lung scan data before 
and 24 hours after initiation of therapy. Figures 
3 and 4 show hemodynamic data as percent 
change at 24 hours and the significance of the 
change between heparin and urokinase. The for- 
mat is the same for all hemodynamic indexes. C.R. 
stands for critical ratio, which is the difference in 
mean change divided by the standard error. A 
critical ratio of 2.5 is of borderline significance, a 
critical ratio of 3.0 denotes full significance. Criti- 
cal ratios, rather than the more conventional P 
values, were used throughout this study by our 
biometricians. 

In the group treated with urokinase, there was 
a significant change of 9 mm Hg in arterial pO, 
at 24 hours representing a 14 percent increase; 
this contrasts with less than a 1 percent increase 
in the group treated with heparin. The critical ra- 
tio of 3.3 denotes full significance. Right atrial 
mean pressure (top panel, Fig. 4A), right ven- 
tricular systolic pressure (middle), and right 
ventricular end-diastolic pressure (bottom), all 
showed a 25 to 30 percent change toward normal 
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Figure 3. Urokinase-Pulmonary Embolism Trial: changes in 
pO, at 24 hours. C.R. = critical ratio. 
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Figure 4. Urokinase-Pulmonary Embolism Trial; hemody- 
namic changes in 24 hours. CI — cardiac index; LN — natural 
logarithm; PAMP — pulmonary arterial mean pressure; RAMP 
— right atrial mean pressure; RVEDP — right ventricular end- 
diastolic pressure; RVSP — right ventricular systolic pressure; 
TPR — total pulmonary resistance. 


in the urokinase-treated patients. The change in 
the heparin-treated group toward normal was less 
than 10 percent. The changes in all 3 indexes were 
highly significant in favor of urokinase. Note in 
Figure 4B that a 30 percent decrease occurred in 
pulmonary arterial mean pressure in the patients 
treated with urokinase as compared with a 4 per- 
cent decrease in those treated with heparin—a 
very significant difference. No significant change 
was observed in cardiac index, but the decrease in 
total pulmonary resistance, plotted in the lower 
part of Figure 4B as the natural logarithm, was 
highly significant in favor of urokinase. | 
The second objective parameter was the angio- 
graphic data, and Figure 5 shows the change in 
severity at 24 hours. On the ordinate is an im- 
provement scale, 0 through 4, from no improve- 
ment to complete improvement. Neither class in 
the group treated with heparin showed significant 
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Figure 5. Urokinase-Pulmonary Embolism Trial: improve- 
ment in severity of pulmonary angiographic changes at 24 
hours. 
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improvement. In contrasting Class I-S patients in 
the 2 groups, the improvement with urokinase was 
only borderline significant. However, with Class 
I-M patients there was a striking difference in im- 
provement of over a grade and a half favoring 
treatment with urokinase; this is highly signifi- 
cant with a critical ratio of 9.5. 

The third objective parameter was the lung scan 
data, shown in Figure 6 as percent resolution from 
the base line for patients with massive embolism. 
The data were collected on days 1, 2, 3, 5, 7 and 14 
after treatment, but it was anticipated that the 
effect of urokinase would be restricted to the first 
day. As can be seen, a highly significant improve- 
ment in resolution occurred at 24 hours favoring 
urokinase. However, when the patients with sub- 
massive embolism were also included, the effects 
were less striking and only borderline significance 
was achieved. 

The major complication in the trial was bleeding 
and the observations relative to this complication 
are summarized in Table III. Six of 78 patients 
treated with heparin had bleeding problems asso- 
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Figure 6. Urokinase-Pulmonary Embolism Trial: improve- 
ment in lung scan data (percent change from base line in 
patients in class I—M [patients without shock and massive 
embolism]). 


TABLE Ill 


Urokinase-Pulmonary Embolism Trial: 
Bleeding Complications 


Heparin Urokinase 

Type (no. — 78) (no. = 8% 
Cutdown site 6 20 
Spontaneous 15 16 

Total 21 (27%) 36 (44%) 


ciated with the cutdown or arterial puncture sites. 
Spontaneous bleeding occurred with equal fre- 
quency. The increased frequency of bleeding 
among the patients treated with urokinase is a re- 
flection of the well known tendency of patients on 
thrombolytic therapy to bleed excessively from 
venous eutdowns and arterial punctures during 
therapy. Although of real concern, this risk was 
anticipated since a number of invasive procedures 
had to be performed in order to obtain the required 
information. 

Phase II of Urokinase-Pulmonary Embolism 
Trial: The ability of urokinase to dissolve clots 
and to restore toward normal the hemodynamic 
aberrations in acute pulmonary embolism has im- 
portant therapeutic implications particularly for 
patients with massive embolism and shock. How- 
ever, the trial evaluated only 1 urokinase treat- 
ment regimen, that is, a 12-hour infusion. Accord- 
ingly, although thrombus resolution was unequivo- 
cal, it was not dramatic in terms of lysing the en- 
tire pulmonary occlusion or of completely resolv- 
ing the hemodynamic abnormalities. On the basis 
of experience, it can be predicted that a longer 
treatment period will more closely approach the 
goal of a complete medical thrombectomy without 
further increasing the risk of hemorrhage; cer- 
tainly, if this can be accomplished it would be a 
much more useful regimen for the therapy of pa- 
tients critically ill with acute pulmonary embolism 
as well as for the management of other thrombo- 
embolic lesions. For this reason, the second phase 
of the Urokinase-Pulmonary Embolism Trial is 
underway; patients are now being randomly di- 
vided into 3 groups: those receiving 12 hours of 
urokinase as before; those receiving a 24 hour in- 
fusion of urokinase and those receiving 24 hours 
of streptokinase therapy. Besides yielding infor- 
mation as to the effects of a longer urokinase infu- 
sion, this new phase will provide the first compari- 
son between the thrombolytic effects and hazards 
of the 2 major promising thrombolytic agents 
when used according to current dosage schedules. 
Phase II was initiated in the fall of 1970, and over 
30 patients have been studied in the first 4 months. 
It is likely that this phase will be concluded rela- 
tively quickly and yield information most helpful 
for the planning of a major trial aimed at estab- 
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lishing the benefit of thrombolytic therapy in acute 
myocardial infarction. 

Implications for management of acute myocar- 
dial infarction: Since the long-term goal of the 
National Heart and Lung Institute, in its active 
encouragement of the development of thrombolytic 
agents, always has been to evaluate their possible 
beneficial effects in the treatment of acute myo- 
cardial infarction, it is gratifying to note that the 

etime for the institution of such a trial has finally 
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arrived. One may anticipate that it will involve 
both an evaluation of streptokinase and urokinase, 
for each has its advantages and disadvantages. If 
the results of such a trial indicate a highly signifi- 
cant decrease in morbidity and mortality, then a 
major new advance will have been provided for 
the management of acute myocardial infarction, 
and will justify all the time, effort and support 
which has gone into this area of investigation. Per- 
sonally, I am optimistic that this will be achieved. 
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In 3 of 5 specimens of heart from patients with supravalvular aortic 
stenosis, lesions of the mitral valve were observed. In the youngest 
patient, an infant, the changes consisted of collagenous thickening 
of leaflets and mild degrees of protrusion of segments of the leaflets 
toward the left atrium (hooding). In the 2 older subjects, aged 7 and 
38 years, respectively, the processes of hooding and valvular thicken- 
ing were pronounced. In addition, each of the latter 2 patients had 
endocardial fibrous lesions of the left ventricular endocardium re- 
lated to thick chordae attaching to the posterior leaflets. In :he 
oldest subject, chordae were adherent to the related left ventricular 
endocardium. 

The lesions of the mural endocardium and of the chordae are con- 
sidered to result from friction incident to the underlying valvular 
hooding. Since the material was limited in amount, it is uncertain 
whether the mitral valvular changes represent a coincidental or true 
association with supravalvular aortic stenosis. 


Supravalvular aortic stenosis is recognized as an obstructive con- 
genital deformity of the ascending aorta which originates just 
distal to the level of the coronary arterial origins. Three types 
have been described : the hourglass, the hypoplastic and the mem- 
branous, each term identifying the gross characteristic of the le- 
sion causing the aortic obstruction.! 

Noncardiovascular conditions commonly associated with supra- 
valvular aortic stenosis are mental retardation, facial anomalies?? 
and hypercalcemia.** 

Supravalvular aortic stenosis may be accompanied by other 
pathologic conditions, both cardiovascular and noncardiovascular. 
Commonly associated cardiovascular lesions are (1) adhesion of 
the aortic semilunar cusps to the obstructive deformity in the 
ascending aorta, (2) structural abnormalities of the coronary 
arteries, a feature related to the presence of high pressure within 
these vessels, (3) stenosis of branches of the aortic arch, and (4) 
pulmonary arterial stenosis involving either the main arteries or 
the peripheral ones.*® 

This report deseribes 3 cases of abnormalities of the mitral 
valve found among 5 specimens of heart with supravalvular aort:c 
stenosis at our disposal. The uncommon recognition of mitral 
valvular lesions with supravalvular aortic stenosis is indicated by 
the fact that, in a survey of 175 cases of supravalvular aortic 
stenosis reported in the English language, only 2 cases were found 
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Figure 1. Case 1. Opened aortic valve and ascending aorta. 
The aortic cusps, 3 in number, are thickened. The aortic 
wall shows major thickening. 


in which pathologic examination revealed abnor- 
malities of the mitral valve.^* In addition, a few 
cases have been described in which mitral insuffi- 
ciency was recognized clinically.9-!? 


Description of Cases 


Case 1: A baby girl was hospitalized shortly after 
birth with congestive heart failure and cyanosis. The 
electrocardiogram showed right atrial dilatation and 
right ventrieular hypertrophy. Thoracic roentgeno- 
grams revealed decreased to normal pulmonary vas- 
cularity. A grade 3/6 harsh systolic murmur of the 
ejection type was heard over the left lower sternal 
border. Given supportive treatment, the infant failed 
to thrive and died of pneumonia at the age of 4 months. 


Figure 2. Case 1. a, portion of the left 
atrium (L.A.), left ventricle (L.V.) and 
the mitral valve. The mitral valve leaflets 
are thickened and show mild degrees of 
protrusion toward the left atrium (hood- 
ing). b, photomicrograph of posterior 
mitral leaflet (P.M.) and related left ven- 
tricular wall (L.V.). The mitral leaflet is 
thickened by collagenous tissue lying in a 
loose matrix. (Elastic tissue stain 7.3, 
reduced by 21 percent.) 
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MITRAL VALVULAR LESIONS IN SUPRAVALVULAR AORTIC STENOSIS 


At necropsy, the ascending aorta, aortic arch and 
pulmonary trunk were uncommonly thick-walled (Fig. 
1). The calibers of the aorta and pulmonary trunk were 
near normal in diameter, but each of these vessels 
histologically showed the medial mosaic pattern classi- 
cally seen in supravalvular aortic stenosis.5!? The 3 
cusps of the aortic valve were thickened and opaque. 

The mitral valve was of particular interest. Its leaf- 
lets were uniformly thickened to moderate degree and 
showed a minimal degree of protrusion toward the left 
atrium, a process which we have termed “hooding” 
(Fig. 2a). The papillary muscles and chordae were 
normal. Histologic study of the mitral leaflets showed 
the thickening to be caused by an increase in collage- 
nous fibrous tissue with a tendency for the collagenous 
bundles to be surrounded by a loose matrix (Fig. 2b). 

There were no other intracardiac abnormalities. 
The left atrium was not enlarged. 


Case 2: In a boy, aged 5 years, a cardiac murmur 
was discovered at age 13 months, and a diagnosis of 
supravalvular aortic stenosis was made. Surgical cor- 
rection was attempted by inserting a Teflon® patch in 
the most narrow aortic segment, just above the aortic 
valve. The general condition of the child improved. 
However, at age 7 years, a mycotic aneurysm at the 
junction of the aortic arch and descending aorta was 
discovered. The child died 17 days after resection of 
the aortic aneurysm. 

Necropsy revealed supravalvular aortic stenosis of 
the hypoplastic type with continuation of the hypoplas- 
tic process to involve the entire thoracic aorta and 
the origins of the branches of the aortic arch. The wall 
of the pulmonary trunk was thick-walled without lu- 
minal narrowing. The Teflon patch inserted in the 
ascending aorta 2 years previously was found encased 
by fibrous tissue and covered by a neo-intima (Fig. 3). 

Several abnormalities of the mitral valve were 
noted. The leaflets were uniformly thickened, gray and 
opaque. Each showed a marked degree of “hooding”’ 
(Fig. 4a). The chordae shared with the leaflets the 
process of thickening. The papillary muscles were nor- 
mal. In relation to chordae attaching to the posterior 
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Figure 3. Case 2. The opened aortic valve and ascending 
aorta. In the aorta, the rough area (between arrows) repre- 
sents the site of previous surgical placement of a teflon 
patch to widen the aorta. The aortic wall is uniformly 
thickened. The picture is that of hypoplastic supravalvular 
aortic stenosis. 


mitral leaflet, the left ventricular endocardium showed 
linear thickenings (Fig. 4a). Histologically, the mitral 
valvular leaflets were thickened by fibrous tissue. 
Chordae were thickened by a surface deposit of colla- 
gen. The left ventricular endocardial thickening was 
caused by collagenous deposit (Fig. 4b). 

No other cardiac abnormalities were noted and the 
left atrium was not enlarged. 


Case 3: A 38 year old woman had been hospitalized 
since childhood because of mental retardation. Clini- 
cally, supravalvular aortic stenosis was recognized. 
Death was sudden and unexpected. 

Pathologic examination showed stenosis of the as- 
cending aorta just distal to the semilunar valves, the 
deformity being classic for the hourglass type of supra- 
valvular aortic stenosis (Fig. 5a). The commissural as- 
pects of the aortic valvular cusps were intimately re- 
lated to the deformity of the aorta. 

The mitral valve was grossly abnormal in several re- 
spects. Prominent thickening and hood-like protrusion 
toward the left atrium of both leaflets were observed, 
the “hooding” being more marked in the posterior leaf- 
let (Fig. 5, b and c). At the center of the greatest de- 
gree of hood-like deformity in the posterior leaflet was 
' a perforation measuring about 4 mm in diameter. The 
. edges of the perforation were smooth. No vegetations 
were: present. On the septal wall of the left atrium, 
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opposite the valvular perforation, was a series of jet 
lesions. The left atrial chamber was enlarged. 

Thickening of the leaflets was diffuse but with ac- 
centuation of the process in the center of the anterior 
leaflet opposite the site of perforation in the posterior 
leaflet. Gray, fibrous thickening of chordae was gtrik- 
ing, particularly of the posteromedial group. Isolated 
chordae of this group were fused to fibrous tissue 
which thickened the mural endocardium of the related 
left ventricular wall (Fig. 5c). 

Histologic examination of the mitral valve revealed 
several features including (1) major collagenous thick- 
ening of the tissue of the leaflet, (2) healing of the 
edges of the perforation in the posterior leaflet without 
identifiable vegetations or leukocytic infiltration, al- 
though a few small blood vessels were present in the 
thickened leaflet, (3) encasement of chordae by fibrous 
tissue, (4) thickening of that portion of the left ven- 
tricular endocardium which was related to the chordae 
of the posterior mitral leaflet, and (5) adhesion of 
chordae to left ventricular endocardium (Fig. 5d). 


Comment 


This report describes abnormalities of the mi- 
tral valve in 3 among 5 cases of supravalvular 
aortic stenosis. In 2 of the 3 cases described, the 
aortic lesions were classic for supravalvular aortic 
stenosis. In Case 1, although the aortic lumen did 
not appear to be narrowed, the walls of the aorta 
and pulmonary trunk were abnormally thick and 
presented a mosaic structure like that seen in clas- 
sic examples of supravalvular aortic stenosis.5.1? 
We believe that this case exhibits inherent charac- 
teristics sufficient for categorization as supraval- 
vular aortic stenosis. 

The relatively common occurrence of mitral val- 
vular lesions in our limited material is contrary to 
the paucity of reference to such an association in 
pathologic and clinical descriptions. We are aware 
of only 2 cases reported in the English language 
which describe structural mitral valvular changes 
in patients studied at necropsy with supravalvular 
aortic stenosis. 

In 1959 Sissman and associates’? reported the 
case of a 70 year old woman (their Case 4) with 
a membranous type of supravalvular aortic ste- 
nosis in which the mitral valve was described as 
“somewhat thickened, but otherwise unremark- 
able.” Neufeld et al described a 2 year old boy 
with the hypoplastic type of supravalvular aortic 
stenosis in which there was fibrous thickening of 
the posteromedial commissure of the mitral valve 
and related parts of the anterior and poster:or 
leafiets. 

In addition, the literature contains reference to 
a few cases of supravalvular aortic stenosis in 
which mitral valvular abnormalities might have 
been present. Five cases of supravalvular aortic 
stenosis with mitral insufficiency have been de- 
scribed clinically??? and an additional case has 
been reported in which an enlarged left atrium 
was present.*4 


The American Journal of CARDIOLCGY 


MITRAL VALVULAR LESIONS IN SUPRAVALVULAR AORTIC STENOSIS 





















Figure 4. Case 2. a, closeup view of a 
portion of left atrium (L.A.) and region of 
posteromedial commissure of mitral valve. 
The valvular leaflets and chordae are 
thickened. Minimal thickening of left ven- 
tricular endocardium (between arrows) re- 
“lated to chordae attaching to the posterior 
mitral leaflet. b, photomicrograph of sec- 
tion through wall of left atrium (L.A.), left 
ventricle (L.V.) and posterior mitral leaflet 
(P.M.). The leaflet is thickened. Chordae 
(C.) attaching to the leaflet show fibrous 
thickening. The mural endocardium of the 
left ventricle is thickened with collage- 
nous tissue (between arrows). (Elastic tis- 
sue stain X5, reduced by 25 percent.) 


Figure 5. Case 3. a, opened base 
of left ventricle (L.V.) and as- 
cending aorta. Above the aortic 
valve, the aortic wall shows major 
thickening with obstruction by 
protrusion of tissue from aortic 
wall into the lumen (between 
arrows). The picture is character- 
istic of the hour glass type of 
supravalvular aortic stenosis. b, 
unopened mitral valve viewed 
from above. In the posterior 
mitral leaflet (P.M.) is a small 
perforation. Opposite this, the 
anterior leaflet shows a focus of 
considerable fibrous thickening 
(arrow). There is focal hooding of 
each leaflet. c, opened left atrium 
(L.A.), left ventricle (L.V.) and 
mitral valve. The posterior leaflet 
of the mitral valve, which has 
been sectioned, shows major 
hooding. Near the commissure, 
chordae of the posterior mitral 
ieaflet show adhesion to the 
thickened left ventricular endo- 
cardium. d, photomicrograph 
through wall of the left atrium 
(L.A.), left ventricle (L.V.) and 
posterior mitral leaflet (P.M.). 
The leaflet shows hooding and 
thickening with collagen. The 
chordae (C.) are encased by 
collagen. One is adherent to the 
thickened mural endocardium of 
the left ventricle. (Elastic tissue 
stain x3, reduced by 16 percent.) 
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The nature of the mitral valvular lesions brings 
up for consideration the possibility of a coinciden- 
tal association with some other syndrome such as 
gargoylism or Marfan's syndrome (arachnodac- 
tyly). The absence of specific storage cells on his- 
tologic examination is considered sufficient reason 
to disregard the similarity in appearance as hav- 
ing any bearing on the origin of the lesions in our 
cases. 1^ 

The presence of hooding of the mitral valvu- 
lar leaflets calls to mind Marfan's syndrome 
(arachnodactyly), since supravalvular aortic ste- 
nosis has been described in patients with arachno- 
dactyly./5.19.17 There are several features which are 
against accepting the valvular hooding as part of 
arachnodactyly. These include (1) absence of the 
characteristic body build of the patients, (2) ab- 
sence of cystic medial necrosis of the aorta, and 
(3) the presence of coarse, rather than delicate, 
valvular tissue. 

In a variety of cases in which mitral valvular 
*hooding" was common, Salazar and Edwards!* 
described friction lesions of the left ventricular 
endocardium in relation to chordae of the posterior 
mitral leaflet. These changes consisted of linear 
endocardial thickening and fusion of the mural 
endocardium with the related chordae. In our 3 


cases of supravalvular aortic stenosis, the spec- 
trum of changes described by Salazar and Ed- 
wards are portrayed. We therefore believe that the 
changes in the mural endocardium are secondary 
to the valvular hooding. 

In Case 8, wherein a perforation in the posterior 
leaflet was associated with focal thickening of the 
anterior leaflet, an element of bacterial endocardi- 
tis, now healed, cannot be excluded as a partial 
basis of adhesion of chordae to the left ventricular 
endocardium. 

It is impossible from the material at hand to 
evaluate the functional consequences of the mitral 
valvular changes observed. In Cases 1 and 2 the 
left atrium was of normal size, whereas in Case 3 
the left atrium was enlarged. This suggests that 
mitral insufficiency, in addition to that oecurring 
through the perforation in the posterior leaflet, 
might have been present. 

Reports associating mitral valvular lesions with 
supravalvular aortic stenosis are uncommon. 
Therefore, whether the association in our 3 cases is 
mere coincidence or a true association remains an 
unanswered question. Study of future cases with 
an awareness of the possibility of association of 
the 2 conditions will perhaps serve better to an- 
swer the question than is now possible. 
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Two cases are reported in which malfunction of a mitral ball valve 
prosthesis (Cutter-Smeloff type) was diagnosed by auscultation, 
phonocardiography (demonstrating delay in the valve opening sound) 
and echocardiography (showing delayed opening of ball as well as de- 
layed cage motion). In both patients prosthetic dysfunction was 
caused by the ingrowth of fibrin clot, preventing proper excursion of 
the ball. In 1 patient, sufficient valve malfunction developed to result 
in cardiac failure; in the second patient, who remained well, the diag- 
nosis of valve malfunction was made on routine follow-up examina- 
tion. Both underwent successful reoperation. 

Our cases demonstrate that delayed opening of a malfunctioning 
prosthetic mitral valve is not limited to ball variance. We recommend 
frequent phonocardiographic and echocardiographic examination for 
patients with a ball valve prosthesis in the mitral position, and sug- 
gest that early surgical intervention be considered in those with ab- 
normal function of the prosthesis. 


Of the late complications resulting from the use of prosthetic ball 
valves, ball variance has attracted a great deal of attention, espe- 
cially in patients with a Starr-Edwards prosthesis in the aortic 
position.’ In contrast, there are only a few reported cases of ball 
variance in mitral valve prostheses,*? and all of these have oc- 
curred with use of the Cutter-Smeloff valve. This communication 
records 2 cases of malfunction of the Cutter-Smeloff prosthesis 
caused by overgrowth of the valve with fibrin clot. In both cases, 
the ball was normal. 


Case Reports 


Case 1: A 31 year old housewife had acute rheumatic fever at age 
8 years, Ten years later, during her first pregnancy, she had signs and 
symptoms of cardiac failure and was found to have mitral regurgita- 
tion. After childbirth, repeated attacks of atrial fibrillation occurred, 
associated with congestive failure. Mitral valvuloplasty was performed 
at age 20 years in 1959. Despite the persistence of an apical pansystolic 
murmur, cardiac size diminished considerably, and the patient remained 
asymptomatic and had normal sinus rhythm. Two years after operation 
(1961), a recurrence of paroxysmal atrial fibrillation was noted, and 
over the next 4 years her condition deteriorated to her preoperative 
status. At reoperation in 1965, the mitral valve was found to be grossly 
incompetent due to fibrosis and retraction of the leaflets; it was re- 
placed with a Cutter-Smeloff prosthesis. Three years later, despite re- 
markable clinical improvement and adequate anticoagulation, the pa- 
tient had an episode of dizziness and transient numbness on one side 
of her body; a diagnosis of cerebral embolus was made. Five years after 
valve replacement (1970), cardiac failure returned and persisted despite - 
vigorous medical therapy. a 
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Pertinent physical findings on admission were as fol- 
lows: normal blood pressure, atrial fibrillation and 
prominent jugular venous pulsations in the sitting po- 
sition indicating increased right atrial pressure and 
tricuspid regurgitation. The lungs were clear. The api- 
cal impulse was not displaced, but a left parasternal 
heave was present. A grade 3/6 pansystolic murmur 
was heard medial to the apex. The clicks of the pros- 
thetic valve were clearly audible, but the opening click 
was thought to vary in its relation to the second heart 
sound, regardless of the length of the preceding R-R 
interval; in some cycles it was entirely inaudible. There 
was moderate hepatomegaly but no peripheral edema. 
The electrocardiogram revealed atrial fibrillation and 
digitalis effect on the S- T segments. A chest roentgen- 
ogram showed marked left atrial and right ventricular 
enlargement and pulmonary vascular congestion. 

Phonocardiographic examination (Fig. 1) revealed 
intervals of various lengths between the second heart 
sound and opening click which were not always related 
to the length of the preceding R-R intervals. Echocar- 
diography (Fig. 2) demonstrated delay in opening of 
the prosthetic ball as well as delayed motion of the en- 
tire cage. Cardiac catheterization (Table I) showed 
abnormal hemodynamic values and a gradient across 
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Figure 2. Case 1. Echocardiogram (A) with diagram of 
_ events (B). The electrocardiogram is unfortunately not seen 

in this Polaroid reproduction. Mitral valve opening (MVO) is 
. periodically delayed. MVC — mitral valve closure. 
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Figure 1. Case 1. Simultaneous 
phonocardiogram and  intraar- 
terial pressure tracing. Careful 
measurement of the intervals be- 
tween the second heart sound 
(S2) and opening click (OC) and 
preceding R-R cycles reveals oc- 
casional inappropriate delay in 
opening of the mitral valve pros- 
thesis (arrow). After such delay, 
brachial arterial (BA) pressure is 
decreased. CC — closing click. 


the mitral valve. Cineangiography demonstrated a fill- 
ing defect within the mitral prosthesis (Fig. 3). 

At a third operation, the rim of the valve was found 
to be the site of a large ingrowth of thrombus. The op- 
erative report stated that “the fibrin buildup effectively 
prevents the ball from moving more than approximately 
2 millimeters.” Because of the improper seating of the 
ball in the closed position, mild mitral regurgitation 
was present. A Starr-Edwards prosthesis was placed, 
and the patient made an uneventful recovery, during 
which all signs of cardiac failure disappeared. 


Case 2: A 51 year old man had acute rheumatic 
fever at age 10 years. He was known to have a heart 
murmur since that time, but remained in good health 
until age 47 when progressive effort dyspnea developed. 
He was found to have atrial fibrillation, but conversion 
to sinus rhythm with quinidine resulted in only slight 
clinical improvement. Since he found it difficult to pur- 
sue his occupation, he was referred for surgical evalu- 
ation in 1966. Physical examination at the time re- 
vealed normal blood pressure and regular sinus rhythm. 
The apical impulse was normally placed, but a slight 
left parasternal heave was present. The first heart 
sound was normal in intensity and the second sound 





Figure 3. Case 1. Frame from cineangiogram. There is a 
filling defect in the prosthesis (arrow), representing ingrowth 
of fibrin clot. Ao — aorta; LV — left ventricle. 
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TABLE | 
Serial Catheterization Studies in Cases 1 and 2 


MALFUNCTION OF MITRAL PROSTHESIS 


Case 1 Case 2 
^ 1961 1963 1965 1967 1970 1966* 19707 
Pressures (mm Hg) 
Right ventricular 40/13 32/10 41/14 36/13 69/23 70/6 44/11 
PAM 26 24 34 19 49 53 26 
PAW 
Rest 19 21, v = 28 22, v = 32 27, v = 34 32, v = 38 33 15 
Exercise TA 34 32 27 TT 38 29 
Cardiac index (liters/ 
min per m?) 
Rest 2.2 1.6 3.2 2.3 2.9 313 
Exercise eS 2.5 : 5.5 xi 3.4 s 
Mitral gradient (mm Hg) 14 17 1 17 17 23 9 


* Preoperative values; +4 years after valve replacement. 


split normally; no opening snap was heard. There was 
a grade 2/6 pansystolic apical murmur and a loud, long 
diastolic rumble with presystolic accentuation. No clini- 
cal signs of cardiac failure were present, The electro- 
cardiogram showed a left-sided conduction defect, and 
a chest roentgenogram revealed moderate cardiac en- 
largement involving primarily the left atrium and right 
heart chambers. Pulmonary vascular congestion was 
present as was heavy calcification in the region of the 
mitral valve. Cardiac catheterization (Table I) dem- 
onstrated hemodynamic abnormalities due to mitral 
valve disease with predominant stenosis. During open 
heart surgery in 1966, a heavily calcified deformed 
mitral valve was excised and replaced by a Cutter- 
Smeloff ball valve prosthesis. The patient made a satis- 
factory recovery and regained normal effort tolerance. 
He continued to receive anticoagulant medication, and 
was not seen again until 4 years later in 1970 when he 
presented for routine checkup. In the interim he had 
been able to pursue normal activities, including tennis- 
playing. 

Physical examination at this time revealed regular 
sinus rhythm and normal blood pressure. No murmurs 
were heard, The closing click of the mitral prosthesis 
was normal, but the opening click sounded delayed at 
times, resulting in various lengths of the interval be- 
tween the second heart sound and opening click. Pho- 
nocardiographic evaluation (Fig. 4) confirmed the de- 
lay in opening of the valve, and also showed inequalities 
in the carotid pulse tracing, recordings of lower ampli- 
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tude being related to longer lengths of time that the 
mitral valve remained closed in the preceding beat. 
Echocardiography (Fig. 5) demonstrated the delay in 
opening of the prosthetic ball, which was associated 
with delayed motion of the cage. Cardiac catheteriza- 
tion (Table I) showed normal hemodynamic data at 
rest, with abnormal elevation of the pulmonary wedge 
pressure on exercise. Cineangiography did not demon- 
strate abnormality of motion of the ball valve. 

Despite the normal clinical status of the patient, ex- 
ploration of the valve was recommended. At operation, 
the ball was found to be fixed within the valve ring in 
the closed position (Fig. 6). The operative report stated 
that “it was easily displaced by the surgeon's finger, 
however, and apparently had been sticking intermit- 
tently. Tissue had grown over portions of the seat of 
the valve and also completely around one of the struts." 
The valve was excised and replaced with an autologous 
fascia lata valve, and the patient made an uneventful 
recovery. 


Discussion 


Malfunction of prosthetic ball valves has become 
an important problem in the long-term follow-up 
study of patients with artificial valves. Ball vari- 
ance in aortic prostheses is well known, and its 
early recognition by auscultation, phonocardi- 
ography as well as the more recently described 
technique of sound spectrography has been re- 
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Figure 4. Case 2. Simultaneous phonocardiogram and carotid pulse tracing. Arrows indicate the expected time of opening of . 


the prosthetic valve; the opening click (OC) is delayed in both cycles and is followed by a carotid pulse tracing (CP) with 


diminished amplitude. CC — closing click. 
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Figure 5. Case 2. Simultaneous 
echocardiogram and phonocar- 
diogram (recorded on an Elec- 
tronics for Medicine DR-8 re- 
corder). Mitral valve opening 
(MVO) is delayed at times; the de- 
lay in valve opening is associated 
with abnormal motion of the cage 
(CM). MVC = mitral valve clo- 
sure. 





peatedly emphasized.’ Such degenerative changes 
in the ball of the Starr-Edwards mitral prosthesis 
appear to be rare, and no detailed case reports are 
available. However, the Cutter-Smeloff prosthesis 
has recently been found to be associated with ball 
variance.*? An early sign of such a complication 
is a consistent or intermittent delay in the opening 
sound of the mitral valve. 

Thrombotic complications following insertion of 
valve prostheses are common*? and have led to ma- 
jor efforts to modify the structure and materials 
of the prosthesis and to develop various types of 
tissue valves. Anticoagulation has not been shown 
to answer adequately the problem of thrombosis. 


Figure 6. Case 2. Appearance of the prosthetic valve at 
* surgery. Most of the fibrin clot was removed to facilitate 
excision. The ball is seen to be stuck in the closed position, 
' and fibrin fragments are impinging on the metal struts. 
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Complications of this sort in mitral ball valve pros- 
theses account not only for serious embolic events* 
and congestive heart failure? but also for late 
deaths.!? The diagnosis of thrombosis of a Starr- 
Edwards mitral valve has been suspected clinically 
by the complete disappearance of the opening click 
of the prosthesis.* 

The 2 cases reported herein are noteworthy for 
several reasons. First, the malfunction of the Cut- 
ter-Smeloff prosthesis was manifested by a de- 
layed opening click, a finding heretofore consid- 
ered characteristic of ball variance; in both our 
cases the ball appeared to be entirely normal. Sec- 
ond, it is shown that it is possible to diagnose the 
presence of valve malfunction by auscultation and 
phonocardiography even before clinical symptoms 
appear. Third, we believe that these are the first 
reports of the use of the echocardiogram as an 
aid in the diagnosis of prosthetic valve dysfunc- 
tion. This technique clearly illustrates the motions 
of both ball and cage and, as expected, if the open- 
ing of the ball occurs late, motion of the entire 
prosthetic apparatus will also be delayed. 

Clinical implications: On the basis of our ex- 
perience it seems justified to recommend frequent 
reexamination including phonocardiographic and, 
where possible, echocardiographie evaluation of 
all patients with a mitral ball-valve prosthesis. 
Whereds the crucial feature in the diagnosis of 
malfunction of an aortic prosthesis is the ratio of 
opening and closing click amplitudes, early recog- 
nition of mitral valve malfunction depends on 
careful measurement over long periods of time of 
the intervals between the second heart sound and 
opening click. Although none of the diagnostic 
techniques described aid in distinguishing mitral 
ball variance from abnormal ball motion due to 
limitation by clot, the morbidity and mortality as- 
sociated with such prosthetic dysfunction demands 
early surgical intervention. 
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A case of extralobar sequestration precipitating cardiac failure in 
infancy is presented. The pre- and postoperative hemodynamic and 
angiocardiographic findings are reported. The literature is briefly 
reviewed. This case is possibly the first such case fully investigated 
and successfully treated in early infancy. It illustrates another cause 
of high output cardiac failure in this age group. 


Pulmonary sequestration has been recognized with increasing fre- 
quency as an underlying cause of recurrent chest infections in 
children and adults since Pryce! published his series of 7 cases 
found in over 280 pulmonary resections. With the development of 
angiocardiographic techniques the hemodynamic effects of pul- 
monary sequestration have been described.? The diagnosis of 
pulmonary sequestration is rarely made before infection or other 
complications have occurred, and these are unusual in the neona- 
tal period. 

The hemodynamic, angiocardiographic and operative findings 
of extralobar pulmonary sequestration presenting with cardiac 
failure in the neonatal period are described in this report. 


Case Report 


A white male infant was born after a full-term normal pregnancy and 
delivery. Over the next few hours rib retraction developed. There was 
no cyanosis. The infant’s condition failed to improve with symptomatic 
treatment. At age 18 hours he was admitted to the Children’s Hospital. 
On admission, physical examination revealed a well-developed infant 
weighing 3.76 kg. He was slightly icteric but not cyanotic. There was 
evidence of mild respiratory distress. Air entry was diminished at the 
left base. Pulse rate was 152/min. No murmurs were audible. 

A chest roentgenogram shortly after birth showed displacement of 
the heart to the right with opacities in the right upper zone and an 
opacity in the left lower zone behind the heart with a convex lateral 
margin. Later films showed resolution of the right upper zone lesion 
with the mediastinum returning to the midline, but persistence of the 
opacity at the left base. These appearances were thought to be con- 
sistent with a resolved atelectasis of the right upper pulmonary lobe 
and possible sequestration of the left lower lobe. The pulmonary vascu- 
lar markings were increased, suggestive of a left to right shunt (Fig. 


The electrocardiogram showed sinus rhythm with a rate of 150/min. 
The mean frontal axis was +165°, and there was moderate to marked 
right ventricular hypertrophy for age. 

All other investigations were normal. 


The American Journal of CARDIOLOGY 


EXTRALOBAR PULMONARY SEQUESTRATION 





Figure 1. Anteroposterior (A) and lateral (B) chest X-ray films demonstrating the sequestrated lobe in the left lower zone, 


the cardiac enlargement and plethoric lung fields. 


A course of ampicillin was instituted. The respira- 
tory distress subsided after 3 days, and he remained 
well until the ninth day when evidence of cardiac fail- 
ure developed. At this stage a poorly localized grade 1 
to 2/4 systolic murmur, maximal at the left sternal 
edge, was audible, The pulses in the upper and lower 
limbs were collapsing. A repeat chest X-ray film re- 
vealed further increase in cardiac size. He responded 
well to digitalization over the next 48 hours. The mur- 
mur now became loudest at the left base posteriorly 
and extended through the second heart sound into early 


‘diastole. His general condition improved and he was 


discharged asymptomatic to be treated as an outpa- 
tient. 

At home his mother reported slowness with feed- 
ings associated with exhaustion. On reexamination at 
age 5 weeks there was still evidence of mild cardiac 
failure. A marked precordial bulge was now noted. A 
grade 2 to 3/4 continuous murmur was audible at the 
left base posteriorly. The pulses were collapsing, the 
blood pressure being 115/0 mm Hg in the right arm 
and 125/40 in the right leg. He was readmitted and 





Figure 2. Angiocardiograms. A, early film demonstrating circulation of contrast medium through the lungs, the left atrium 
(LA) and aorta (A). Arrow demonstrates the arterial supply from the abdominal aorta to the sequestrated lobe. B, later film 
demonstrating early filling of the azygos vein (AV) which drains the sequestrated lobe. C, later film showing the azygos vein and 
right atrium filled with contrast medium. RA — right atrium; SL — sequestrated lobe. : 
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TABLE | 


Cardiac Catheterization Data 





Preoperative Postoperative 
Pressure Ox Sat. Pressure Oz Sat. 
Site (mm Hg) (%) (mmHg) (%) 
Mid superior vena cava iio 45.5 he 63 
Innominate vein sus 45 ates 
Low superior vena cava dea 93.5; is 63 
81.5 
High right atrium ius 93.5 59 
Mid right atrium a9; v4 88.5 a4 59.5 
Inferior vena cava T 65 : 67 
Left atrium a 7-9; v 6 95 a7 97 
Left pulmonary artery 10/5 92 20/10 65.5 
Main pulmonary artery 45/10 89 20/12. -63:5 
Right pulmonary artery 25/10 90 20/10 62.5 
Right ventricle 45/0 kis 22/0 67 





Sat. = saturation. 


redigitalized, but feeding remained difficult and the 
cardiac failure proved more resistant to treatment on 
this occasion. 

Cardiac catheterization: The results are presented 
in Table I. There was a large left to right shunt at the 
low superior vena caval and atrial level. The catheter 
passed from the low superior vena cava into the azygos 
vein. The gradients between the main pulmonary ar- 
tery and the left and right main branches were prob- 
ably related to the large pulmonary flow. Angiography 
demonstrated the arterial supply of the sequestrated 
lobe from a branch of the abdominal aorta. The venous 
return was by the azygos vein to the superior vena 
cava and right atrium (Fig. 2). 

Surgical findings: Operation was postponed on 
several oceasions because of pyrexia. In spite of a re- 
current high fever (105 F), resection was performed 
in view of the rapid deterioration of the infant's con- 
dition at age 9 weeks. 





Figuse 3. Postoperative chest roentgenogram. 


1n? 


At operation, a nonaerated pulsatile lobe of lung 
supplied by 2 systemic arteries arising from the aorta 
and passing through the hiatal ring was found. After 
division of these vessels the abnormal lobe shrank and 
the large hemiazygos vein became markedly smaller. 

The surgical specimen had the characteristi@ fea- 
tures of extralobar sequestration without any respira- 
tory passage in the hilum. 

Postoperative course: The infant had an unevent- 
ful postoperative recovery, his condition improving 
dramatically. The fever subsided and the heart rate 
respiratory rate and pulse pressure returned to nor- 
mal. The murmur at the left base disappeared. Post- 
operative chest roentgenograms showed re-expansion 
of the left lower lobe with no localized consolidation. 
He was discharged on the ninth postoperative day at 
age 11 weeks, At postoperative follow-up study 2 weeks 
later he was extremely well and digoxin therapy was 
discontinued. 

At age 5 months he was admitted for reinvestigation. 
Repeat cardiac catheterization (Table I) demonstrated 
a patent foramen ovale without left to right shunt. 
Intracardiac pressures were normal. Attempts to cath- 
eterize the azygos vein on this oceasion were un- 
successful. Electrocardiogram and chest roentgeno- 
gram had returned to normal (Fig. 3). 


Discussion 


Sequestration of the lung was first described by 
Rokitansky* and Rektorzik® separately in 1861. 
Sinee that time numerous case reports have ap- 
peared which have been reviewed elsewhere.*:* * 

Most workers are agreed that extralobar seques- 
tration is a congenital anomaly, but there is a wide 
divergence of opinion as to the origin of intralobar 
sequestration. These discussions are adequately re- 
viewed elsewhere.?-?? 

The present case had the characteristic features 
of extralobar sequestration; namely, the arterial 
supply was from branches of the abdominal aorta 
piercing the diaphragm with the venous drainage 
by way of the azygos system; the pulmonary tis- 
sue was entirely separate from the normal lung 
and enclosed in its own parietal pleura. The unique 
feature was the presentation of the sequestration 
as an arteriovenous fistula with a large left to 
right shunt resulting in cardiac failure. Such a 
mechanism has been postulated by some authors? 
previously on the basis of clinical observations, but 
we believe that this is the first such case in which 
it has been proved by hemodynamie and angiocar- 
diographic studies in the young infant. 

Cardiac failure associated with an accessory 
lobe was first reported by Springer™ in 1898; Dea- 
ton and Smith" reported a case of intralobar se- 
questration presenting as this case in a 1 day old 
infant whose condition improved dramatically af- 
ter early surgical removal of the sequestration 
lobe. Solit et al. described a 23 year old woman 
with an intralobar sequestration who showed a 
marked decrease in measured cardiac output after 
the removal of the lobe. 
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Congenital systemic arteriovenous fistulas pre- 
senting with cardiac failure in the neonatal pe- 
riod are well described. Most have been intracra- 
nial,5-37 but other sites are less commonly de- 
scribed. In this infant the hemodynamic findings 
were similar to those of any large systemic arterio- 
venous fistula. Since most intralobar sequestra- 
tions are drained by way of pulmonary veins, an- 
giocardiographic differentiation may be possible 
9 
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from the rarer extralobar sequestration which 
usually drains by way of the azygos or hemiazygos 
systems. 
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Ina 


Two patients with pericarditis complicating meningococcal meningitis 
are reported. In 1, acute constrictive pericarditis developed 1 month 
after pericardiocentesis for cardiac tamponade. He was successfully 
treated and represents the only known survivor. 

Forty-three cases of pericarditis complicating meningoccocal in- 
fections have been reported, 9 of which have occurred in children. 
In 2, acute constrictive pericarditis developed; in 1, the entity was 
recognized at postmortem examination; the second case is reported 
herein. 


Purulent pericarditis in children is infrequently encountered and, 
if overlooked or improperly treated, will lead to the death of the 
child from cardiac tamponade or sepsis. It most often occurs sec- 
ondary to severe bacterial infection in the lungs, bones, kidneys, 
meninges and bloodstream. The bacterial organisms most fre- 
quently recovered are staphylococci, pneumococci and streptococci. 

Pericarditis complicating meningococcal meningitis is infre- 
quently encountered in children. To date, 7 cases have been re- 
ported." Two additional cases recently encountered at the Chil- 
dren’s Hospital of the District of Columbia form the basis of this 
report. One of the patients experienced rapid constriction and 
was successfully treated. This patient is the second to be reported 


on and the only known survivor of constrictive pericarditis fol- 


lowing meningococcal pericarditis. 


Case Reports 


Case 1: An 11 year old white boy was admitted to a suburban hos- 
pital; he had been acutely ill for 24 hours with fever, restlessness, 
double vision, oliguria and extreme lethargy. His past medical history 
revealed that he was free of any serious disease. On admission he was 
semicomatose with a rectal temperature of 101.4 F. Kernig’s and Brud- 
zinski’s signs were positive, and there was palsy of the right sixth 
nerve. Blood pressure was 100/70 mm Hg, heart rate 120 beats/min, 
and a pericardial friction rub was heard along the left sternal border. 
A chest X-ray film revealed generalized cardiomegaly (Fig. 1A). An 
electrocardiogram showed sinus tachycardia with S-T segment eleva- 
tion in leads II, III, aVF and V, through V, (Fig. 2A). The white blood 
cell count was 11,500 with 85 percent polymorphonuclear leukocytes and 
7 percent bandforms. Hemoglobin, hematocrit and urinalysis were nor- 
mal, Examination of the cerebral spinal fluid revealed protein 160 mg/ 
100 ml, sugar 37 mg/100 ml, and 32,400 polymorphonuclear leukocytes/ 
ml. The blood, spinal fluid and nasopharyngeal cultures were positive for 
Neisseria meningitidis. The patient was treated with penicillin, ampicil- 
lin and sulfisoxazole, 

On the second day atelectasis of the left lung developed. However, re- 
peated tracheal aspirations resulted in reexpansion by the fourth day. 
On day 7 he continued to have a low-grade fever. Blood pressure was 
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Figure 1. Chest roentgenograms. A, on admission, revealing 
generalized cardiomegaly with normal pulmonary vascular 
markings. B, on day 19, revealing a decrease in heart size 
with the appearance of a right pleural effusion. C, 1 year 
after pericardiectomy. 
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Electrocardiograms. A, at time of admission with 
meningitis. Note S-T segment changes of acute pericarditis. 
B, at time of acute constriction, revealing loss of QRS volt- 
age, return of S-T segments to normal and flattening and 
inversion of T waves. C, 1 year after pericardiectomy. 


104/64 mm Hg with 20 mm Hg of pulsus paradoxus. 
On day 9 because of an increase in heart size, tachy- 
cardia, decreasing pulse pressure, and distension of the 
neck veins, a pericardiocentesis was performed yield- 
ing 520 ml of serosanginous fluid resulting in imme- 
diate relief of signs of cardiac compression. Cultures of 
the pericardial fluid were sterile. 

The patient continued to have daily temperature ele- 
vations to 102 F. On day 19, his pulse pressure began 
to diminish. A friction rub returned at this time, and 
X-ray films revealed a decrease in heart size with the 
appearance of a right pleural effusion (Fig. 1B). The 
electrocardiogram showed loss of QRS voltage, return 
of S-T segments to the isoelectric level, and flattening 
and inversion of T waves (Fig. 2B). By day 23 the 
pulse pressure had further narrowed, and tachycardia 
recurred. At this time venous distension and hepa- 
tomegaly were noted. Blood pressure was 75/55 mm Hg 
with 15 mm Hg of pulsus paradoxus. The heart sounds 
were diminished. 

The boy was transferred to Children's Hospital of 
the District of Coiumbia where pericardiocentesis re- 
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TABLE ! 
Meningococcal Pericarditis in Children 


Neisseris Con- 
~ Meningitidis cepa ER 
Peri- ER HB odo Ern Treatment (Interval 
carditis Carobni: 4 D. LS ose. ON 
Age of Onset Spinal Surgi- Onset) 
Study Patient (yr) Primary Disease (days) Blood Fluid Medical cal (weeks) Result 
Gersony, McCracken! 13 mo Meningitis 4 + + Ampicillin + 0 Cured ° 
Weis, Silber? 4 Meningitis 7 + + Tetracycline + 3 Died 
Lowe, Diamond? 13 Meningitis r + + Penicillin, + 0 Cured 
sulfadiazine 

Stamey‘ 8 Meningitis 5 0 — Penicillin, E 0 Cured 
sulfadiazine 

Trace, Berkowitz® 13 Meningitis 5 0 + Intrapericardial + 0 Cured 
antisera 

Lebowitz, Nespole® 3 Meningitis 3 0 + Penicillin, + 0 Cured 
sulfadiazine, 
chloramphenicol, 
steroids 

Benzing, Kaplan’ 15 Meningitis; 0 Penicillin 0 0 Cured 

pneumonitis 

Present report 11 Meningitis 5 + Gantrisin, + 4 Cured* 
penicillin, 
ampicillin 

6 Meningitis; 3 0 + Ampicillin 0 0 Cured 


pneumonitis 





* After pericardiectomy. 


vealed no free pericardial fluid. In the operating room 
a midsternotomy exposure revealed a densely adherent 
pericardium through which one could not discern car- 
diac pulsation. The pericardium measured 7 to 10 mm 
in thickness. With alternate sharp and blunt dissection 
the thickened adhesive pericardium was removed from 
the right ventricle and about two thirds of the left ven- 
tricle. A small portion was removed over the left 
atrium and atrial appendage. The orifices of the venae 
cavae were then freed from constricting bands. Follow- 
ing removal of this tissue, myocardial tone and cardiac 
action improved markedly. Systemic blood pressure at 
the conclusion was 120/80 mm Hg. Culture of the peri- 
cardial tissue revealed no growth. Microscopic exami- 
nation revealed an organizing fibrinous exudate with 
no granulomas noted. 

One year later the patient remains asymptomatic 
and is actively participating in sports. Physical exami- 
nation is entirely within normal limits, and chest 
roentgenogram and electrocardiogram have reverted to 
normal (Fig. 1C and 2C). 


Case 2: A 6 year old white girl was admitted to 
Children's Hospital of the District of Columbia with a 
24 hour history of headache and fever and a skin rash 
that appeared on the day of admission. Physical ex- 
amination revealed lethargy, fever of 105 F, tachycar- 
dia (150/min), blood pressure of 140/80 mm Hg with 
no significant pulsus paradoxus, and a diffuse petechial 
rash over the entire body. Neurologic examination was 
normal. 

Laboratory data were as follows: Hemoglobin 13.1 
g/100 ml, white blood cell count 11,500, with 74 per- 
cent? polymorphonuclear leukocytes and 18 percent 
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bandforms. Urinalysis, blood electrolytes and blood 
urea nitrogen were normal. Cerebrospinal fluid revealed 
86 mg/100 ml protein, 103 mg/100 ml sugar, 416 white 
cells, 89 polymorphonuclears, with gram-negative dip- 
locoeci on smear. Culture of the spinal fluid yielded 
Neisseria meningitidis. Blood cultures were sterile. 

Therapy consisted o? ampicillin 300 mg/kg per day 
intravenously. Within 24 hours the child became afe- 
brile. Two days after admission sharp midsternal pain 
developed, associated with the development of a loud 
pericardial friction rub. Chest roentgenogram re- 
vealed slight cardiomegaly. An electrocardiogram was 
normal. Signs of tamponade never developed. 

Because the child showed no signs of tamponade and 
her temperature remained normal, no pericardiocen- 
tesis was performed. The friction rub disappeared, and 
her heart size returned to normal. The electrocardio- 
gram remained normal. Signs of constriction have not 
developed during 1 year of observation. 


Comment 

Purulent pericarditis accounts for approxi- 
mately 30 percent of pericarditis in children. In 
children under 2 years of age it is by and large the 
most common cause of pericarditis and pericardial 
tamponade. After age 2 there is a decline in the 
prevalence of purulent infections of the pericar- 
dium, and by age 5 years through adolescence, 
rheumatic fever is the most frequently encoun- 
tered cause.® 

Staphylococci, pneumococci and streptococci are 
responsible for 56 to 77 percent of purulent peri- 
carditis.^? Meningococcal pericarditis on the other 
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hand is infrequently encountered and was recog- 
nized in only 18 patients of all ages in a review by 
Boyle et al.'?^ in 1961. Since 1961 an additional 25 
cases, including the two cases identified at this in- 
stitution, have been reported.!''-?? Of the 43 cases 
reported, 9 or 21 percent have occurred in chil- 
dren below 15 years of age. 

The age of the 9 patients with meningococcal 
pericarditis ranged from 13 months to 15 years 
(average 8 years) (Table I). All patients had men- 
ingitis ; in addition, 2 had evidence of pneumonitis. 
In no case was pericarditis present initially. The 
onset of signs of pericardial inflammation devel- 
oped from the third to the seventh day of the acute 
illness. In all cases Neisseris meningitidis was re- 
covered from either the cerebral spinal fluid or 
blood, but not from the pericardial fluid. This un- 
doubtedly is related to the fact that most of the 
patients were receiving therapy by the time the 
pericarditis became evident. In none of the cases 
was serologic grouping reported. Six of the 8 sur- 
vivors had surgical drainage either by pericardio- 
centesis or pericardiostomy. Two patients sur- 
vived without surgical drainage or evidence of 
development of tamponade. 

Presently ampicillin is the drug of choice in the 
treatment of meningococcal pericarditis.) If 
signs of pericardial compression or infection per- 
sist, pericardiocentesis or pericardiostomy with 
drainage is mandatory. 

Acute pericardial constriction: Constriction of 
the pericardium is a well recognized complication 
of tuberculous pericarditis. On the other hand, 
constriction complicating purulent bacterial infec- 
tion of the pericardium following successfully 
treated suppurative pericarditis has been thought 
not to occur.** To date, 2 cases of constriction re- 
sulting from suppurative pericarditis have been 
reported in children, both following pericarditis 
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caused by Neisseris meningitidis. One patient de- 
scribed by Weis and Silber? was recognized to 
have acute pericarditis with massive effusion. 
Pericardiocentesis was performed. Three weeks 
from the onset of the pericarditis, unrecognized 
constriction led to the child’s death. At postmortem 
examination acute constrictive pericarditis with 
complete obliteration of the pericardial cavity by 
an organized fibropurulent exudate was encoun- 
tered. The pericardium measured 8 to 10 mm in 
thickness. In the second case, our Case 1, constric- 
tion became obvious over a 4 week period; it was 
recognized and at operation acute constrictive 
pericarditis was found. Following pericardiec- 
tomy, there was a relatively uneventful convales- 
cence followed by complete absence of any signs 
of cardiovascular disease 1 year later. It is likely 
that the persistent tachycardia and fluid retention 
encountered in the immediate postoperative period 
represented a minimal degree of myocardial fail- 
ure from associated myocarditis. That this occurs 
has been demonstrated by Hardman and Earle?5 
who have reported 78 percent incidence of intersti- 
tial myocarditis among 200 patients with fatal 
meningococcal infections. 

Clinical implications: Infants and children re- 
ceiving treatment for meningococcal infections 
should be observed closely for signs of pericarditis 
and myocarditis. Prompt recognition and treat- 
ment of a pericardial effusion with signs of car- 
diac tamponade may be lifesaving. Persistent signs 
of infection or cardiac tamponade are indications 
for immediate pericardiocentesis. Once the infec- 
tion has been controlled and tamponade relieved, 
there should be careful observation for signs of 
acute constriction. Persistent signs of heart fail- 
ure following pericardiectomy may be caused by 
associated myocarditis which should be treated 
with digitalis and diuretic agents. 
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A patient with hypersensitive carotid sinus syncope was treated by 
implantation of a permanent demand cardiac pacemaker. The ob- 
servations suggest the value of demand pacing for persons whose 
major manifestation is significant bradycardia fcllowed by hypoten- 
sion. The potential value of this form of therapy can be tested in the 
individual case by temporarily stimulating the carotid sinus and 
electrically pacing the heart while monitoring both rhythm and mean 
arterial pressure. 


Weiss and Baker! initially described hypersensitivity of the ca- 
rotid sinus as the mechanism of a distinct form of syncope, and 
the syndrome has been recently reviewed.? This paper presents a 
case of hypersensitive carotid sinus syncope refractory to the usu- 
al medical management but responsive to implantation of a per- 
manent demand pacemaker. 


Case Report 


A 48 year old service station attendant was admitted to the hospital 
with a 2 month history of episodic dizziness, mental confusion and syn- 
cope. He had mild diastolic hypertension, mild diabetes mellitus, a pre- 
vious myocardial infarction and occasional angina relieved by nitro- 
glycerin. With increasing activity he gradually experienced periods of 
intermittent dizziness lasting 5 to 10 minutes followed by mental con- 
fusion. The symptoms were not associated with a constricting collar, 
head or arm motion, cough or postural change. Physical findings were 
normal except for a presystolic apical gallop. Results of all laboratory 
studies were normal, During electrocardiographic monitoring, both 
carotid sinus areas were separately stimulated manually. Precautions 
included resuscitative equipment and an intravenous infusion, Asystolic 
periods of up to 5 seconds’ duration were accompanied by a decrease in 
systolic blood pressure of more than 50 mm Hg during manual carotid 
compression, 

Administration of belladona, orally, and atropine; intravenously, were 
ineffective. Percutaneous blockade by xylocaine of the right glosso- 
pharyngeal nerve prevented syncope and asystole during right carotid 
sinus compression. Due to reported complications of denervation of the 
carotid sinus, an alternate approach was attempted. 

A temporary transvenous fixed-rate cardiac pacemaker electrode was 
positioned in the right ventricle, and mean arterial blood pressure was 
recorded on a pressure transducer. Carotid sinus stimulation without 
pacing produced asystole of 4 seconds’ duration and a decrease in mean 
arterial pressure from 110 to 40 mm Hg over a 15 second period during 
which the patient exhibited confusion and garbled speech. Activation of 
the pacemaker at this point at a rate of 100/min resulted in a rise of 
mean arterial pressure to 60 mm Hg with clearing of the patient’s men- 
tal status (Fig. 1A). Repeated stimulation of either carotid body pro- 
duced only minimal depression of the mean arterial pressure. Accord- 
ingly, a permanent demand cardiac pacemaker was implanted. Carotid 
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Figure l. Electrocardiogram and mean arterial blood pres- 
sure before (A) and after (B) implantation of a demand car- 
diac pacemaker. In both A and B carotid sinus massage be- 
gins with the first ORS complex and continues throughout 
the tracing. In tracing B, a 5 second delay is noted. Time 
lines represent 1 second intervals. In tracing A, mean arterial 
blood pressure falls in concert with bradycardia, whereas in 
tracing B immediate demand pacing is followed by a transient 
minor decrease in mean arterial pressure. 


sinus compression following operation was accompanied 
by immediate pacemaker-triggered systole with a tran- 
sient reduction of 25 mm Hg in arterial pressure and 
no change in the level of consciousness (Fig. 1B). 


Comment 


The accepted criteria for diagnosis of hypersen- 
sitive carotid sinus syncope are a post-carotid 
stimulation period of asystole greater than 3 sec- 
onds’ duration, or a systolic or diastolic decrease 
in blood presure of at least 50 mm Hg.?? Both cri- 
teria were fulfilled in this patient. Additionally, he 
exhibited many of the conditions known to be as- 


sociated with this syndrome such as diabetes mel- 
litus, ischemic heart disease and hypertension. 

Several types of therapy for hypersensitive 
carotid sinus syncope are available. Medical ther- 
apy has been directed toward interruption of the 
efferent portion of the reflex arc by vagal hlock- 
ade (atropine sulfate or belladona) or by prevent- 
ing the hypotensive response (ephedrine or am- 
phetamines). Medical therapeutic failures may re- 
spond to carotid sinus radiation therapy.? Xylo- 
caine block of the reflex arc has been accepted as æ 
prerequisite to successful surgical intervention.?* 
Adventitial stripping of the carotid artery? and 
peripheral? or intracranial section of the glosso- 
pharyngeal nerve’* have each been advocated. Un- 
satisfaetory results with the surgical approach 
have included recurrence of symptoms,? recurrence 
of carotid sinus hypersensitivity without syncope!? 
and at least 1 documented case of fatal hyperten- 
sion. 

On the basis of this case reported herein, an ad- 
ditional form of therapy is available in the effec- 
tive control of this type of hypersensitive carotid 
sinus syncope. As shown, the use of a temporary 
pacemaker for control of the changes in blood pres- 
sure and cardiac rhythm provides a good estima- 
tion of the effectiveness of permanent demand pac- 
ing. The complications of permanent pacemaker 
placement are well known.!? These complications 
seem acceptable in the prevention of unpredictable 


syncope. 
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Addendum 


Since the completion of this study and the manu- 
script reporting it, a similar case has been re- 
ported by Voss and Magnin.? Their report con- 
firms the efficacy of this form of management in 
hypersensitive carotid sinus syncope. 
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Since type | atrioventricular (A-V) block tends to be temporary and 
does not give rise to prolonged asystole, and type Il A-V block tends 
to be progressive, ultimately leading to complete block and Adams- 
Stokes attacks, it is important to identify the type in each patient with 
acute or chronic second degree A-V block. The usual definition of 
these 2 types needs expansion. This new definition is given and new 
criteria are presented to permit differentiation of the 2 types of A-V 
block even in the presence of (1) incomplete A-V dissociation with 
single ventricular captures and (2) persistent 2:1 A-V block. The dif- 
ferent roles and sites of concealed conduction in the 2 types of A-V 
block are defined. 

In type l, concealed conduction occurs within the region of block 
and depresses subsequent conduction, occasionally leading to block- 
age of consecutive atrial impulses. In type Il, concealed conduction 
occurs down to the region of block, discharging subsidiary junctional 
pacemakers and thus preventing their escape. The frequent associa- 
tion of type Il A-V block with bundle branch block and ventricular 
escapes with normal retrograde conduction (unidirectional block) is 
emphasized. Concealed retrograde conduction across the region of 
unidirectional block facilitates antegrade A-V transmission (early 
ventricular captures, supernormal phase of A-V conduction). The 
evidence is reviewed for placing the lesion causing type Il A-V block 
below the A-V node; this is based on correlation of electrocardio- 
graphic findings, including His bundle recordings and anatomic data. 
Exceptions to the rule occur occasionally but should not lead to aban- 
donment of the electrocardiographic classification of second degree 
A-V block into type | and type Il because the distinction has proved 
of great value for clinical orientation. 


Two types of second degree atrioventricular (A-V) block were 
recognized independently in 1906 by Wenckebach! and Hay? ; they 
were classified by Mobitz? as type I and type II in 1924. Type I 
A-V block was defined as that type of second degree A-V block in 
which complete failure of A-V conduction is preceded by several 
beats with progressive lengthening of A-V conduction time, 
whereas blockage occurs without any warning in type II and the 
conduction time of conducted beats remains constant. In view of 
the clinical significance of type II A-V block, recognized by 
Mobitz? as *'the first step to Adams-Stokes attacks and complete, 
permanent dissociation," it is strange that the differentiation of 


niu ^ 


LANGENDORF ET AL. 


A 
Nae Nd LE SIE LASS SS PS SSN A 
HE ara sega vememauatonci 
DIHIEEELILI bM Lu ds fii 


ln Han 


al. |: : Te Tel pets 3 

EET EERE E E EC EER E 

o EEE EAN 
fa 4 

[ CLLEPTLTELELELBPEIET BET T EEEE EET 


4 141 1-41 0: — s REMER 


os ! 
ULCRRELEBEHTHHEFEEH EHE HS E E EFHETEEFEFLEESDE 
a Ha A E T3. iL IEELIE T TET 
PAE e e RA 
E 


Nii AS 
ANARAN ee AA A 
; m 


"ü 


T 
FE 
Libr 


nu E 
FF) ee Eh a eee ee 


Frac a ELLE 





ACE ! PISA pap 
ON TMEEHEES | eter Aam feadan linia EH 
















MAA Pea A ph pal 7 
f p, 
BUNTEN UT MSN |ui: 









3i TET 
D AK Non AAA A tA AN ZM J vandi 
1M Ve E] ront v al nl t ea 
SE un EE ikili 


ACINC aes Je Gin. BUG HUE HG: HEN N FER H n A 





Y 


ATEN iit tate bs 
HSA SS VERI À i eee TSA 
C SEHHELERHEEE ELE BBC DRE CP EST d a DESDE Ed MEE; 
E EEE T BS: DIETS DPERBITS REIR Bruce TA TFB ERSTES T EST NDILIBELE 
Wwe! ER Le A RD EUER Pau d CG SOO 
CE-HRLHHLLLEEEPPRR ODD T LUI DUET: BE mt 
8I LIAE LA LT TEE ERE RSS EE EB ES E E D e a at LER 


the 2 types of second degree A-V block has not re- 
ceived more attention. This may partly be due to 
the imperfect definition of type I block. Evidently, 
the criterion of gradual and progressive develop- 
ment of A-V conduction failure does not permit 
identification of the type of block present in cases 
with incomplete A-V dissociation and isolated ven- 
tricular captures; it also does not permit classifi- 
cation of the block in persistent 2:1 A-V response, 
a common form of A-V block. 


Figure 1. A, recent posterior wall infarc- 
tion, type | A-V block. Segments a to c, 
monitor lead; d, lead lll. Segment a shows 
Wenckebach periods; in the middle por- 
tion there is 7:6 A-V block with the P-R 
interval increasing from 0.20 to 0.32 sec- 
ond. b, 1 week later; 2:1 changing to 3:2 
A-V block with the P-R interval increasing 
from 0.22 to 0.28 second. c, after isopro- 
terenol administration; incomplete A-V 
dissociation, rate of junctional pacemaker 
53; the P-R interval of the 2 capturé 
beats varies inversely with the preceding 
R’—P distance. d, incomplete A-V dissocia- 
tion during right ventricular endocardial 
pacing; the P-R interval of the fusion 
beats (F.B.) and capture beats varies in- 
versely with the R'—P distance. B, recent 
anteroseptal infarction,  intraventricular 
block, type II A-V block. a, lead Il, 12:11 
and 6:5 block with constant P—R interval 
(0.19 second). b, in lead Il there is 2:1 
and in Vs, 3:2 A-V block with very slight 
increase (0.02 second) of P-R interval. c, 
right ventricular endocardial demand pac- 
ing; conducted beats have a constant P-R 
interval regardless of the R'—P distance. 


fluencing A-V conduction that will permit classifi- 
cation in cases of persistent 2:1 block; 
amine the mechanism of high grade A-V block; 
and (4) to discuss the different role of concealed 
conduction in the 2 types of block. In addition, the 
frequent association of type II A-V block with in- 
traventricular block and with a supernormal phase 
of A-V conduction will be illustrated. Finally, the 
site of the conduction impairment will be dis- 
cussed, and the electrocardiographic and anatomic 


(3) to ex- 


evidence for the usual infra A-V nodal localization 


It is the purpose of this report (1) to expand the 
definition of type I block so as to permit identifica- 
tion of the type of block in cases with incomplete 
A-V dissociation; (2) to point out methods of in- 
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of type II A-V block will be presented, both when 
it oceurs in chronic A-V block of Adams-Stokes 
disease and in acute A-V block associated with re- 
cent myocardial infarction. 


Figure 2. A, chronic type Il A-V block; 
monitor lead showing 3:1 and 2:1 block 
with constant P-R (0.16 sec.). B, same 
patient; endocardial right ventricular de- 
mand pacing with 1 late capture (last 
beat). C, type | A-V block; lead II showing 
2:1, 3:2 and 3:1 A-V block with varying 
P-R interval (0.20 to 0.38 second) and 
evidence of concealed conduction (see dia- 
gram). D, recent posterior wall infarction; 
leads | and || showing second degree A-V 
block, incomplete A—V dissociation; rate of 
junctional pacemaker is 54. Note the long 
P-R interval of early capture beats and 
the shorter P-R interval of late capture 
beats indicating type | A—V block. 
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Observations 


Identification of the type of second degree A-V 
block in the presence of A-V dissociation with 
single ventricular captures: If ventricular cap- 
ture beats occur at various times in the subsidiary 
pacemaker cycle, comparison of the A-V conduc- 
tion (P-R) intervals of the captures provides a 
clue (Fig. 1 and 2). On the one hand, variations in 
these P-R intervals with an inverse relationship 
between R/-P and P-R suggest type I block; on the 
other hand, a constant A-V conduction time for all 
the captures despite significant variations in their 
timing (R'—P) indicates type II block. 

The variations of the P-R interval of the ven- 
tricular capture beats in type I can be explained 
by the various states of refractoriness of that part 
of the pathway traversed by the conducted captur- 
ing atrial impulse which was also used by the pre- 
ceding impulse of the subsidiary pacemaker. This 
preceding impulse could be either the antegrade 
impulse or a concealed retrograde impulse. 

Captures in incomplete A-V dissociation in the 
presence of type II A-V block usually occur ex- 
clusively as late captures, and without marked pro- 
longation of the P-R interval. The failure of 
slightly earlier atrial impulses to be conducted and 
to capture the ventricles (with a longer P-R inter- 
val) is further evidence of type II A-V block (Fig. 
2B). Rarely, in type II, very early captures can be 
observed in addition to, or instead of, late captures, 
probably due to a supernormal phase of conduc- 
tion (Fig. 3; also see Fig. 10). 

2:1 A-V block: 2:1 A-V block may occur with 
either type I or type II block. Which of the 2 types 
is present can usually be determined by prolonged 
observation that reveals a spontaneous change in 
the conduction ratio (Fig. 1 and 2), or by chang- 
ing the atrial rate and noting the concomitant 
change in A-V conduction (Fig. 4 to 6; see also 
Fig. 8). The effects of exercise and atropine have 
been pointed out by Wenckebach and Winterberg: 
and stressed by Gilchrist.” Moderate acceleration 
of the atrial rate tends to decrease the A-V block 
in type I and to increase it in type II. A similar 
effect, leading to enhancement of A-V conduction, 
can be seen in Figure 4, which was obtained after 
intravenous administration of isoproterenol in a 
patient with recent posterior wall infarction and 
type I A-V block. In contrast, a moderate increase 
of the atrial rate by endocardial atrial pacing at 
the time of 1:1 A-V conduction produced type II 
second degree A-V block in a patient with chronic 
intermittent block and predominant 2:1 A-V con- 
duction (Fig. 5). In another patient (Fig. 6), ca- 
rotid sinus pressure performed at the time of 2:1 
A-V block produced sinus slowing with tempo- 
rary 1:1 and later 3:2 A-V conduction without 
significant changes of the P-R interval, indicating 
the presence of type II A-V block. A similar effect 
in a patient with incomplete A-V dissociation is 
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Heb 3. Intraventricular and second degree type ll A-V 
block were present in previous and in subsequent records. 
Monitor lead, continuous record (last beat of upper strip re- 
peated as first beat in a lower strip), showing incomplete 
A-V dissociation; there are only early captures (fourth beat 
in both strips) with the same timing of P. Note that the 
contour of the subsidiary pacemaker beats is very similar to 
that of the capture beats. 


illustrated in Figure 7. Thus, it would appear that 
the dromotropic effect of the intervention in type 
I and the chronotropic effect in type II determine 
the change in A-V transmission. Finally, in a pa- 
tient with a history of Adams-Stokes attacks (Fig. 
8), ventricular 'parasystolic" pacing was used 
during 2:1 A-V block; this permitted captures of 
the natural impulse at a constant P-R interval 
which was unrelated to the R/-P interval. This 
effect would suggest type II A-V block if concealed 
retrograde conduction of the artificial impulses 
can be assumed. 

Recently, the method of recording His bundle 
potentials has demonstrated*? the anticipated!9-15 
infranodal site of type II A-V block. Hence, the 
presence of His bundle potentials after the blocked 
P wave in 2:1 A-V block (Fig. 6C) is highly sug- 
gestive of type II block, although it does not ex- 
clude the possibility of the rarely occurring in- 
franodal type I block.” 

The duration of the P-R interval in 2:1 A-V 
block does not permit distinguishing between type 
I and type II block. Although A-V conduction is 
frequently normal in type II and usually prolonged 
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Figure 4. Recent posterior wall infarction, monitor lead. A, 
2:1 A-V block (P-R interval 0.28 second). B to E, after in- 
travenous administration of isoproteronol, show change in 
A-V conduction. Wenckebach periods in B and D are indica- 
tive of type | A-V block. . 
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in type I A-V block, it may be prolonged in type 
II when there is either à concomitant lesion in the 
A-V node or delayed H-V conduction due to delay 
either in the His bundle or in the main bundle 
branches.75:16.17 

Slight shortening of the P-R interval (not ex- 
ceeding 20 msec) in the beat after the intermit- 
tence can be observed with A-V block otherwise 
characteristic of type II, in that the P-R interval 
is constant in all other beats and there is no length- 
ening of this interval before a dropped beat (Fig. 
1B). Occasionally this slight shortening of the 
P-R interval in the beat after intermittence may 
indicate occurrence of an escape following the 
pause, but the phenomenon may also be observed 
in cases where escapes can be ruled out. In the lat- 
ter instance, it may be difficult to identify the type 
of block should there be a 3:2 conduction ratio. 
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| Figure 5, A, chronic intermittent 
2:1 A-V block, P-R interval 0.18 
second. B, His bundle electro- 
gram (HBE) during 1:1 A-V con- 
duction. C to E, during atria! pac- 
ing (S) (rate 100/min in C and 
D, 136/min in E) show type Il 
x, X Second degree A-V block (4:3 and 
| 5:4). A-H and H-V intervals re- 

main constant, no His deflection 

(H) is recorded after blocked 

atrial impulse (A). Block is local- 


en ized in lowest portion of A-V 
node or upper part of His bundle. 
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Figure 6. A, chronic 2:1 A-V 
block, P—R interval 0.24 second. 
B, carotid snus pressure, contin- 
uous tracing (last beat in upper 
— TT a =- tracing repeated as first beat in 
y cae lower strip); after marked slowing 
of atrial rate (probably S—A 
block) there is junctional escape, 
later 1:1 A-V conduction, fol- 
lowed by 3:2 A-V block with con- 
stant P-R interval indicative of 
type II block. C, His bundle elec- 
trogram during 2:1 A-V block 
shows H after the blocked atrial 
impulse with the same A-H in- 
terval (nodal transmission time) 
as the conducted impulse. The 
site of the A-V block is below 
the A-V node. 
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High degree A-V block: Mobitz? and Wencke- 
bach and Winterberg* pointed out that blockage of 
2 or more consecutive atrial impulses, that :s, 3:1 
or a higher degree of block, is common in type II 
block. However, such multiple blockage may also 
oceur in type I under 2 conditions: 

1. As a temporary phenomenon due to isolated 
or repetitive concealed conduction.!?:5 This is il- 
lustrated by Figures 2C and 9 where 3:1 block ac- 
tually represents an abortive 3:2 block. 

2. With rapid atrial rates due to the develop- 
ment of 2 regions of block in the A-V junction, an 
upper physiologic region of 2:1 conduction and a 
lower region of type I block. This is best exempli- 
fied by cases of atrial flutter after digitalization.!? 
Here, type I of the lower region is responsible for 
the characteristic structure of Wenckebach periods 
of the ventricular responses. Thus, the criterion of 
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Figure 7. Chronic A-V block, Adams- 
Stokes disease. Top strip shows incom- I 

plete A-V dissociation (A-V junctional 
pacemaker, rate 41/min) with 1 atrial cap- 
ture (—P) and 1 late ventricular capture. 
Carotid sinus pressure (continuous trac- 
ing, last beat of middle strip repeated as 
first beat of bottom strip) produces sinus 
slowing with 1:1 A—V conduction (third and 
fourth beats), followed by A-V junctional 
rhythm with retrograde conduction; when 
sinus rhythm is resumed there is type Il 
3:2 A-V block, P-R interval 0.18 second. 
Arrows indicate onset and end of carotid 
sinus pressure. 
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Figure 9. Recent posterior wall infarc- 
tion, monitor lead. In A, there is type ! 
3:2 A-V block interrupted by 3:1 block, a 
result of concealed conduction (abortive 


3:2 block). In B, 3:2 A-V block is followed VEM ASH 
by 2:1 A-V block with various P-R inter- ..! |: 


vals due to differences in concealed con- a 
duction of the blocked atrial impulse. i 


multiple blockage cannot be relied upon in making 
the diagnosis. It indicates type II block only if the 
P-R interval remains constant with various ratios 
of atrial to ventricular beats (Fig. 2A). 

Concealed conduction in second degree A-V 
block: Concealed conduction occurs in both types 
of A-V block. In type I it takes place within the 
region of block (usually within the A-V node) and 
influences subsequent conduction (Fig. 2, C and D, 
and 9) ; in type II it occurs in the conduction path 
leading to the region of block. In cases in which 
type II block is associated with bilateral bundle 
branch block (see later), one can assume that con- 
cealed conduction of the atrial impulses is present 
not only in the A-V node and His bundle but also 
continues into the bundle branches. Under such 
circumstances, the absence of supraventricular es- 
capes is explained by the repetitive concealed dis- 
charge of a potential subsidiary pacemaker. 

In eases of high degree A-V block with pre- 
served retrograde conduction (see later), con- 
cealed retrograde conduction across the region of 
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unidirectional block may be followed by a change 
in conductivity, presumably a supernormal phase, 
which permits propagation of the subsequent an- 
tegrade impulse (early capture) (Fig. 3 and 10) 
and, in cases of high grade type II block, may 
sometime initiate longer periods of 1:1 antegrade 
conduction with a constant and normal P-R inter- 
val 29.21 (see Fig. 12). 

Association of type II A-V block with bundle 
branch block and with normal retrograde conduc- 
tion (unidirectional A-V block): The frequent as- 
sociation of type II A-V block with intraventricu- 
lar block has been recognized recently.!:-152? Both 
electrocardiographic observations and autopsy 
findings suggest that second degree or complete 
A-V block develops in such cases as a result of 
bilateral bundle branch block (see later). If ven- 
tricular ecapes occur in type II second degree A-V 
block, or if the block progresses, temporarily or 
permanently, to complete A-V dissociation, retro- 
grade propagation of the ventricular impulse 
(atrial capture) is frequently observed and usually 
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takes place with a normal V—A conduction time?*:*4 
(Fig. 7, 10 and 11). Retrograde conduction may be 
masked and remain concealed because rapid atrial 
activity keeps the A-V junction refractory by 
means of concealed antegrade conduction of the 
“blocked” atrial impulses (Fig. 11). The operation 
of this mechanism can be demonstrated by pacing 
the ventricle at a rate exceeding the spontaneous 
atrial rate, resulting in a 1:1 retrograde re- 
sponse? (Fig. 11). Furthermore, if the rate of 
ventricular pacing is then gradually decreased, 
“reversed incomplete A-V dissociation” with 
atrial captures develops (Fig. 11), and sometimes 
an inverse relationship of R'—P' and P-R’ intervals 
can be demonstrated. This indicates concealed con- 
duction of the “blocked” atrial impulses to the re- 
gion of unidirectional block. As stated, concealed 
retrograde conduction may facilitate subsequent 
antegrade conduction and explain early captures, 
presumably during a supernormal phase of con- 
duction (Fig. 10 and 12). 

The site of the lesion responsible for chronic 
type II A-V block: The autopsy findings in 
chronic A-V block?53* for a long time have indi- 
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Figure 10. Recent myocardial infarction, 
left bundle branch block and type II A-V 
block, right ventricular demand pacing. 
Only early ventricular capture beats are 
seen, explained by supernormal phase of 
conduction following concealed retrograde 
conduction across region of unidirectional 
block (stippled area in diagram). Note 
atrial capture beats (indicated by arrows). 


cated that A-V block may be the result of bilateral 
bundle branch block rather than a lesion in the 
A-V node. The indirect electrocardiographic evi- 
dence for such an infra A-V nodal localization, as 
discussed, is 2-fold : First, the frequent association 
of type II A-V block (the forerunner of complete 
A-V block) with intraventricular block—often in- 
dicative of bilateral bundle branch involvement. 
Second, the frequent association of type II A-V 
block with normal retrograde conduction (unidi- 
rectional block) and evidence of concealed ante- 
grade conduction. Thus, the site of the lesion re- 
sponsible for type II A-V block was predicted zo be 
distal to the A-V node.!?-!15 As stated, this was con- 
firmed recently by direct evidence obtained from 
the recording of His bundle potentials (Fig. 5, 6 
and 11). Narula and Samet,’ in 12 cases of type II 
chronic A-V block, showed His bundle potentials 
following the blocked P waves and, in most of 
them, a normal nodal transmission time ( A-H in- 
terval). 

In the less common cases of type II A-V block, 
those without intraventricular block, His bundle 
recordings have also localized the block below the 


Figure 11. From a patient with type ll 
second degree A-V block that progressed 
to complete A-V block. A, right ventricular 
endocardial pacing, rate 34/min; there is 
A-V block with V—A conduction (unidirec- 
tional block); occurrence of atrial capture 
(—P or Pr) depends on P-R’ distance, in- 
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of ventricular pacing (100/min) above 
sinus rate, 1:1 retrograde conduction en- 
sues (R'—P' 0.14 second). C, average atrial 
rate 70/min, ventricular rate 33/min, 
complete A-V dissociation. The His bundle 
electrogram reveals H after each blocked 
sinus impulse, with normal nodal trans- 
mission time (A-H 90 msec); after the 
last beat retrograde P (A’), retrograde H 
must be hidden in QRS complex. D, during 
atrial pacing (rate 150/min), A-H time 
increases to 135 msec. Note the absence 
of A’ and absence of H after the last 
ventricular complex (arrow), indicating 
simultaneous concealed antegrade and 
retrograde conduction with interference in 
the A-V junction, similar to the events 
after the first ventricular beat in strip A. A 
retrograde H must be hidden in this QRS. 
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A-V node’ (Fig. 6). Here, in agreement with ana- 
tomic findings, the A-V block appears to be due to 
a lesion in the common bundle above its terminal 
bifurcation rather than due to intermittent bilat- 
eral bundle branch block. Undoubtedly this is true 
in cases in which either escape beats during second 
degree block or ventricular beats after establish- 
ment of complete A-V dissociation maintain the 
“supraventricular” appearance of the conducted 
beats (Fig. 6 and 7). Evidently, when A-V disso- 
ciation occurs in patients with both second degree 
A-V block and bundle branch block and the pat- 
tern of the ventricular complexes does not change, 
one can no longer assume a “supraventricular” 
pacemaker and simultaneously postulate that the 
A-V dissociation is the result of bilateral bundle 
branch block. Here the alternate assumption must 
be considered, namely, that the ventricular pace- 
maker during A-V dissociation originates in a 
bundle branch beyond the region of block (Fig. 3). 

A-V block in recent myocardial infarction: The 
distinction between type I and type II A-V block 
is of the utmost importance in patients with re- 
cent myocardial infarction (Fig. 1, 2D, 4, 9 and 
10) since it involves a prognostic assessment and 
also becomes a guide to the indication for prophy- 
lactic pacing.!*1535-431 The acute form of type II 
A-V block, observed during continuous monitor- 
ing in recent anterior wall myocardial infarction 
(Fig. 1B), has only recently been recognized. As in 
chronic A-V block, the association of type II A-V 
block with prolonged asystole (Adams-Stokes at- 
tack) is observed in contrast to its absence in type 
I A-V block. Type I A-V block is much more com- 
mon in posterior (inferior) wall myocardial in- 
farction and tends to be temporary. As stated, type 
I can be recognized as such not only when Wencke- 
bach periods lead to occasionally dropped beats 
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Figure 12. Stokes-Adams disease due to 
high grade A-V block and right bundle 
branch block; retrograde conduction was 
present in records with slower sinus rate 
and during rapid ventricular pacing. 
Atrial rate 110/min; rate of ventricular 
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pacemaker in middle strip 34/min, in bot- |. ANGE A ant 
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tom strip 40/min; runs of 1:1 A-V conduc- (iT 

tion are initiated when the sinus P wave sd WM 
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falls on top or on the descending limb of RUBER 

the T wave of the ventricular pacemaker. 

Note that the last run of conducted beats 

appears to follow concealed antegrade con- 

duction as indicated in the diagram. 
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(Fig. 1Aa, 4, B and D, and 9) but also during pre- 
dominant A-V dissociation with only occasional 
ventricular captures (Fig. 1A, c and d, and 2D). 
Second degree 2:1 block is a frequent intermedi- 
ate form. It should not be classified as type II A-V 
block if it alternates with, or is preceded or fol- 
lowed by, lesser degrees of type I A-V block (Fig. 
1A and 4). Anatomic studies have shown that the 
association of acute anteroseptal myocardial in- 
farction and A-V block is due to bilateral bundle 
branch involvement rather than to involvement of 
the A-V node or His bundle.*4243 The different 
localization of type I and type II A-V block in re- 
cent myocardial infarction has been confirmed by 
the recording of His bundle potentials.? Actually, 
in anterior wall myocardial infarction second de- 
gree or complete A-V block may be heralded by 
the appearance of bundle branch block, usually 
right,**48 rather than by a lesser form of A-V 
block. 


Comments 


At present it is not known why depression in the 
conduction system below the A-V node tends to 
give rise to the type II variety in contrast to the 
occurrence of type I block when A-V nodal tissue 
is depressed. However, the type I form of block 
can also occur in the His bundle’ and in the bundle 
branches,**! although the increments in conduc- 
tion time are smaller. In fact, the small increments 
characteristic of type I block below the A-V node 
may be missed in recordings with the usual cam- 
era speed; thus, some cases interpreted as type II 
A-V block may actually be cases of type I infra- 
nodal block. Furthermore, combinations of type I 
and type II A-V block do occur. Thus, type I A-V 
block in the proximal portion of the conduction 
system may be combined with type II A-V block in 
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the distal portion, or type II block of antegrade 
conduction may be combined with type I block of 
retrograde conduction. The former has been dem- 
onstrated with rapid atrial pacing,"? the latter 
with rapid ventricular pacing? in patients with 
type II A-V block. 

Recordings of the electrical activity of the His 
bundle and bundle branches in man have greatly 
increased our knowledge regarding the site (or 
sites) of A-V block and its type. Together with the 
experimental approach??? they can be expected to 
provide further clarification regarding the nature 
of type II block. However, it must be recalled that 
the correlation of simple observations made by 





means of the standard surface electrocardiogram 
when combined with the clinical course of the pa- 
tient and the anatomic findings at necropsy es- 
tablished the clinical usefulness of the distinction 
between type I and type II A-V block long before 
the recent advent of intracavity electrocardiogram 
recordings. The latter confirmed that type I A-V 
block represents primarily A-V nodal block and 
type II A-V block indicates block below the A-V 
node. The exceptions to this rule cast no doubt ofi 
the validity of this concept and should not suggest 
abandonment of an electrocardiographic classifica- 
tion? that has proved its great value in clinical ori- 
entation in the past. 
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A Critical Appraisal of Ballistocardiography 


E. E. EDDLEMAN, Jr., MD, FACC* 
WALTER K. HARRISON, PhD: 
DAVID H. JACKSON, MD* 
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Birmingham, Alabama 


The ballistocardiograph is an apparatus for re- 
cording body motion, generally in a head-foot di- 
rection, secondary to cardiovascular phenomena. 
The first records were obtained by Gordon! in 
1887, and since then there have been many efforts 
to determine the mechanisms of these body move- 
ments and their relation to cardiovascular events. 
Useful clinical interpretations of the abnormal 
wave forms that occur in patients with heart dis- 
ease have been difficult to achieve. In spite of a 
vast amount of investigative work over the past 
50 or so years, the technique has not reached a 
satisfactory state of scientific or clinical accept- 
ability. Many investigators, particularly in recent 
years, have avoided ballistocardiographic studies, 
and in the medical community there is a fair 
amount of skepticism concerning the merits and 
clinical uses of the technique. Several factors have 
contributed to these negative attitudes. 


Problems in Methodology 


Probably the most important problems have 
been those of methodology. Many of the published 
reports have been concerned with techniques of re- 
cording the movements of the body, and various 
methods have been proposed. Consequently, the 
contours of the ballistocardiogram have varied ac- 
cording to the techniques employed, and conflicts 
have arisen about the nature of the “true” ballisto- 
cardiogram. Confusion on methodology can often 
be attributed to lack of understanding of (1) the 
physical problems related to coupling of the body 


From the Department of Medicine, University of Alabama 
School cf Medicine and the Veterans Administration Hospital, 
Birmingham, Ala.*; the Department of Biomedical Engineer- 
ing, the Johns Hopkins University School of Medicine, Balti- 
more, Md.t; and the School of Public Health, University of 
Minnesota, Minneapolis, Minn.* This study was supported by 
U. S. Public Health Service Grants HE-11310 and HE-13060. 
Address for reprints: E. E. Eddleman, Jr., MD, Veterans Ad- 
ei ier Hospital, 700 South 19th St., Birmingham, Ala. 
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to the platform from which the motion is sensetl 
(whether this be a bed which a patients rests upon 
or a platform which rests upon a patient); (2) 
the physical characteristics of the transducer used 
to record the motion; and (3) the relations be- 
tween displacement, velocity and acceleration of 
body motion. 

Physical problems concerning the accurate regis- 
tration of body movement: These problems, dis- 
cussed by Talbot and Harrison? in 1955, are still 
not fully appreciated. The latters’ studies demon- 
strated that the body has a tendency to oscillate on 
the platform due to its elastic coupling, thus pro- 
ducing artifacts in the records. These artifacts can 
be made negligible by reducing the weight of the 
moving part of the bed to less than 10 lb, eliminat- 
ing or making minimal use of bed damping, and 
keeping the period of the bed below 0.3 Hz. When 
these principles are observed, such a platform 
closely follows the movements of the body, and the 
records can be satisfactorily interpreted with rela- 
tive ease. Lack of proper recognition of physical 
diffieulties has rendered almost useless a number 
of published studies. 

There are now several different ways of con- 
structing suitable platforms. Lightweight beds can 
be made of honeycomb aluminum and can be sus- 
pended in different ways yet still yield essentially 
the same records. The platform can be hung by 
long cables from the ceiling so that the period of 
the bed is near the ideal figure cited. More prac- 
tically, the bed can be equipped with an air-bear- 
ing type of suspension. Records obtained with this 
technique are essentially identical to those ob- 
tained during weightlessness,?* thus confirming 
that these traces represent the ideal form of the 
ballistocardiogram. Since the ultra-low frequency 
ballistocardiogram has been shown to reflect ac- 
curately the ideal body motion, this method is 
clearly the most advantageous one for recording 
ballistocardiograms. 

Understanding of the mathematical relation- 
ships between velocity, acceleration and displace- 
ment: Such understanding is essential for the 
correct interpretation of ballistocardiograms. Mo- 
tion can be recorded by any or all 3 types of sen- 
sors, depending upon the purpose of the investiga- 
tion. Physicians often poorly appreciate that all 3 
types of records really contain the same informa- 
tion, since velocity is the first mathematical time 
derivative of displacement, and acceleration is the 
second time derivative of displacement. There- 
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fore, the informational content in all 3 records is 
the same, and the only basis for choosing a par- 
ticular type of sensing transducer is the purpose 
of the investigation. Often some abnormalities are 
moreeeasily visualized in one type of recording 
than another. It is now generally agreed that the 
acceleration record is probably the most useful, 
since abnormalities are more easily recognized in 
these records than in the velocity or the displace- 
rhent traces. 


Problems Related to Aim of Investigator 


The second problem that has resulted in a nega- 
tive attitude toward ballistocardiography is re- 
lated to the purpose or aims of the investigators. 
A few examples are worth mentioning. Initially, a 
great deal of attention was directed toward the 
caleulation of stroke volume. Reasonable results 
were obtained in normal subjects; however, the 
technique was generally not successful in disease 
states in which the information concerning stroke 
volume would be particularly useful. For example, 
studies revealed a fairly close correlation between 
stroke volume and that calculated from the ballis- 
tocardiogram in normal persons?; however, in 
shock the relation was inaccurate. Most of these 
studies were performed on platforms not conform- 
ing to the physical principles cited. Several re- 
cent studies have revived this problem using the 
low frequency displacement ballistocardiogram.®7 
From a theoretical standpoint these calculations 
should be more accurate than the earlier studies. 
However, there is a paucity of data on direct com- 
parisons between stroke volume calculated from 
the ideal ballistocardiogram, and from reference 
methods, under the necessary carefully controlled 
conditions. 

Another discouraging approach to the ballisto- 
cardiogram was the attempt to diagnose many spe- 
cific cardiovascular disease states from the abnor- 
mal patterns encountered. It became quite obvious 
to most investigators working in the field that very 
few disease entities were associated with specific 
wave contours which would aid in the clinical diag- 
nosis, Thus, the general opinion gradually devel- 
oped that the ballistocardiogram was an interest- 
ing phenomenon but generally useless when ap- 
plied to the problems of clinical medicine. 


Ballistocardiogram as Reflection of 
Myocardial Function 


The purpose of this editorial is to point out that 
in spite of these discouraging problems, the poten- 
tial use of the technique in clinical medicine could 
be exceedingly significant, depending upon the 
questions asked. It now appears quite clearly that 
the ballistocardiogram is a very sensitive reflec- 
tion of myocardial function which is not related to 
specific disease entities or merely to stroke volume 
alone. 
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This concept should have been recognized earlier 
from the studies of Starr and his co-workers.5-1? 
The fact that he was able to generate abnormal 
patterns in the cadavers by altering the way that 
blood was injected into the aorta clearly supports 
this concept. Since Starr's classic work on the bal- 
listocardiogram, there have been several signifi- 
cant studies that support this hypothesis. The first 
is that of Harrison et al,? who measured in a 
group of 20 patients the first derivative of pres- 
sure rise (dp/dt) in the left ventricle simultane- 
ously with ultra-low frequency ballistocardio- 
grams. A close correlation was found between the 
amplitude of the IJ wave and the maximal first 
derivative of the left ventricular pressure pulse. 
Since the maximal dp/dt of the left ventricle is an 
index of cardiac function, this relation offers sig- 
nificant evidence that the ballistocardiogram does 
indeed reflect myocardial function. 

The second investigation is that of Jackson et 
al.?! in a group of patients with hypertrophic sub- 
aortie stenosis. Significant relations between cer- 
tain ballistocardiographic variables and the ejec- 
tion fraction, as well as the rate of volume ejected 
by the left ventricle, were demonstrated, again 
supporting the concept that the ballistocardiogram 
reflects myocardial function. Bargeron?? has also 
recently demonstrated that severity of aortic ven- 
tricular gradients in children with aortic stenosis 
is highly correlated with ballistocardiographic ob- 
servations. 

Ballistocardiogram in early detection of ischemic 
heart disease: There have now been 3 very excit- 
ing investigations relating to the question of early 
detection of ischemic heart disease. Starr??? ini- 
tially observed in a long-term follow-up study of 
so-called normal subjects that patients with initial 
abnormal contours died earlier than patients 
whose ballistocardiogram was normal. Similar re- 
sults were obtained by the group at Hopkins,” and 
recently Taylor and co-workers? have observed 
confirming results. Thus, an abnormal pattern in 
the ballistocardiogram appears to be a sensitive 
predictor of probable early mortality. These 
studies were performed on ballistocardiographic 
beds that do not meet the standards cited. Artifac- 
tual content of the records could only reduce prog- 
nostic sensitivity below that obtainable with the 
optimal apparatus. 

Even though older recording techniques were 
used, the results cannot be overlooked since 3 in- 
dependent studies have arrived at the same conclu- 
sion. A plausible interpretation of these data is as 
follows: It is well recognized that coronary athero- 
sclerosis begins in early life, particularly in the 
male, and tends to progress over the years. Since 
even minimal coronary artery disease is usually 
associated with areas of patchy fibrosis in the myo- 
cardium, one may assume that those subjects who 
had abnormal ballistocardiograms at an early. age 
already had sufficient decrease in myocardial func- : 
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tion (undetectable by other means) which altered 
the pattern of the record. Therefore, it can be rea- 
sonably concluded that ballistocardiography may 
very well be the best and most reliable technique 
for recognizing incipient heart disease or the 
presence of early changes in myocardial function 
due to minimal ischemia. 

In summary, it would appear that the approach 
to the study of the ballistocardiogram in general 
has been in the wrong direction and that its 
greatest usefulness lies in early detection of heart 
disease and in evaluating myocardial functional 


abnormalities. Techniques are now available for 
quantifying myocardial function more precisely, 
such as the use of the ejection fraction, left ven- 
tricular dp/dt, and instantaneous aortic root blood 
flow in patients. Other indexes of function ean be 
determined by quantitative angiocardiography, 
and a new look at ballistocardiography should and 
undoubtedly will be undertaken. 

With the present emphasis on early detection of 
heart disease, we may well have overlooked the 
most sensitive method available, and one that is 
easy to apply. 
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WHAT WE DON'T KNOW 


ABOUT OUR DIET CAN HURT US, 


HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources; reached in the course of its in- 
vestigation of risk factors in cardiovascular 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that “Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising. * 

Helping people to choose foods wisely is 
something weve been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information — model 
menus and recipes— so they can plan bal- 
anced family meals low in cholesterol and 
saturated fats, and you don't need to spend 
as much of your own time in explanation. If 
you would like sample copies to give your 
patients, just fill out and mail the coupon, 
and well be happy to oblige. 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 
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LJ "The Prevention of Heart Disease Begins 
in Childhood" 
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Cardiac neurosis is considered the most 
common and important functional disorder. 
Psychic stress can increase heart rate, cardiac out- 
put and consumption of oxygen. It can cause 
precordial distress, raise che systolic blood pressure 
and increase the heart's workload. And once such 
symptoms have occurred, they tend to produce a 
vicious cycle of psychic tension/somatic symptoms 
that confirms the patient's fears that he actually 
has heart disease. 

When anxiety and apprehension become 
overwhelming, Valium? (diazepam) can help. 

It relieves the psychic tension that precipitates many 
functional cardiovascular complaints. 

Valium is used with most classes of primary 
medications such as cardiac glycosides and vaso- 
dilators. Even at high doses its lack of toxicity 
is usually evident, but isolated reports of neutro- 
penia and jaundice make blood counts and liver 
function tests advisable during long-term therapy. 

Valium is generally well tolerated. 

The most commonly reported side effects are 
fatigue, drowsiness and ataxia. Should nighttime 
anxiety interfere with sleep, an extra 4.5, dose 






added to the 7.7.4. b 
schedule helps provide altum 
a good night's rest. 


(diazepam) 


2-mg, 5-mg, 10-mg tablets 
t.i.d. or q.i.d. 


helps ease somatic symptoms of psychic tension 


Please see following page for product information. 





Valium 


(diazepam) 
relieves the 


psychophysiological 
expressions of tension 


Prompt action 
Valium goes to work quickly. Significant 
improvement is often seen in the first few 
days of therapy, though some patients may 
need more time for a clear-cut response. 


High efficacy 
Valium helps relieve tension-produced 
symptoms — psychic and somatic — in pa- 
tients Overreacting to situational stresses 
or with psychoneuroses. 


Low toxicity 

Even at high doses, Valium's lack of tox- 
icity is generally evident. Isolated reports 
of neutropenia and jaundice make blood 
counts and liver function tests advisable 
during long-term therapy. In geriatric 
patients, usual daily dose is 2 mg to 21^ 
mg, l or 2 times daily initially; increase 
gradually as needed and tolerated. 


Flexible dosage 
Available in three convenient tablet 
strengths — 2 mg, 5 mg and 10 mg— 
Valium permits you to tailor your pre- 
scriptions for maximum efficiency. 





Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, appre- 
hension, fatigue, depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to reflex spasm qo local 
pathology, spasticity caused by upper motor neuron dis- 
orders, athetosis, stiff-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glay- 
coma; may be used in patients with open angle glaucoma 
who are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance be- 
cause of their predisposition to habituation and dependence. 
In pregnancy, lactation, or women of childbearing age, weigh 
potential benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with sui- 
cidal tendencies. Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to smallest effective 
amount in elderly and debilitated to preclude ataxia or 
oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, Constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests 
advisable during long-term therapy. 

Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states; 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Gerzatrzc 
or debilitated patients: 2 to 2V mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2% mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 

Supplied: Valium? (diazepam) Tablets, 2 mg, 5 mg 
and 10 mg; bottles of 100 and 500. All strengths also 
available in Tel-E-Dose'" packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





Measure the palient, not the paper. 


When paper shrinks or wrinkles, you can find yourself taking 
readings of changes in the paper—not the patient. That won't 
happen with Kodak Linagraph 1930 Paper. It will not change 
size to distort the time-base on vital pressure readings. 

All traces on Kodak Linagraph 1930 Paper are a crisp, read- 
able black-on-white, to make sure you can read and use all 
the information recorded. 

As an added benefit, the Kodak X-Omat Processor and 
chemicals now used for x-ray film in vour affiliated hospital 
will process this paper in as little as 90 seconds. 

If you would like more information, simply fill out and 
mail the coupon. Thank you for taking the time to read this 
advertisement. 
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System 80. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO» to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data! show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. X VI, 1970. 

**U.S. Patent #3,347,452 
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Introducing safety 
that surpasses any standard 
- for heart monitoring. 


a And the remarkable 
isolator that does it for 
any monitor. 


The Datascope Isolator. It eliminates any conductive 
path between patient and monitor. Any monitor. With 
a solid half-inch block of plastic. Which gives true isola- 
tion. Even during defibrillation or electro-cautery. 

Our Isolator is also isolated from the power line. 
Completely. Because it’s battery-powered. And because 
it uses so little power, the batteries are guaranteed to 
last two years. 

It's even isolated from itself. Because the case is 
plastic too. Sealed and tamper-proof. 

With our Isolator, there's no ground electrode. Now 
you need only two electrodes for monitoring. Instead 
of three. Which means the electrodes you won't buy 
pay for the safety you will buy. 

Call us at 201-845-7650. Or write to Datascope Cor- 
poration, 520 Victor Street, Saddle Brook, New Jersey 
07662. We'll be happy to send you complete informa- 
tion about safety and the Datascope Isolator. For your 
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Your anginal patient wants to return to near- 
normal exercise tolerance. A reassuring 
therapeutic regimen can help. 


In the pharmacologic management of angina 
ON . pectoris, the straight C-chain molecule has 
E Bet clearly proven its value. Most gh Ry 





E C B di/aie (erythrityl tetranitrate), an effective 
BR , Coronary vasodilator, is not simply another 
_ nitrite. It is the nitrite that most closely resem- 
- bles the chemical makeup of nitroglycerin. 


For this reason, Cardilate can offer all of 
these advantages: 


* improves exercise tolerance 
e relieves anginal pain 
e reduces nitroglycerin intake 


e has longer therapeutic effect than 
nitroglycerin (up to 4 hours) 


NITROGLYCERIN 
H,— C —O—NO, H,— 
H — C —0—NO, 
H,— C —O—NO, 


CARDILATE 
C —O—NO, 


H— C —O— Sis 
Ho— C —O— LNO, 


PENTAERYTHRITYL TETRANITRATE (PETN) 


O5N-O-CH; edi. ES CH;5-O-NO; 
O N-O-CH, pects Ra CH,-O-NO, 











Indications: For the prophylaxis ares long-term treatment 
of patients with frequent or recurrent anginal pain and 
reduced exercise tolerance associated with angina 
pectoris, rather than for the treatment of the acute attack 
of angina pectoris, since its onset of action is somewhat 
slower than that of nitroglycerin. 


Precaution: As with other effective nitrites, some fall in 
blood pressure may occur with large doses. Caution 
should be observed in patients with a history of recent 
cerebral hemorrhage, because of the vasodilatation 
which occurs in the area. Although therapy permits more 
normal activity, the patient should not be allowed to 
misinterpret freedom from anginal attacks as a signal to 
drop all restrictions. 


Side effects: No serious side effects have been reported. 
In sublingual therapy, a tingling sensation (like that of 
nitroglycerin) may sometimes be noted at the point of 
tablet contact with the mucous membrane. If objection- 
able, this may be mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or other effective 
nitrites, temporary vascular headache may occur during 
the first few days of therapy. This can be controlled by 
temporary dosage reduction in order to allow adjustment 
of the cerebral hemodynamics to the initial marked 
cerebral vasodilatation. These headaches usually 
disappear within one week of continuous therapy but may 
be minimized by the administration of analgesics such as 
Empirin® Compound. Mild gastrointestinal disturbances 
occur occasionally with-larger doses and may be 
controlled by reducing the dose temporarily. 


Supplied: 10 mg. Tablets (scored). Also available in 

9 mg. and 15 mg. scored tablets in addition to Cardilate-P 
brand Erythrityl Tetranitrate with Phenobarbital 

Tablets (scored). 


10 mg. q.i.d. oral or 
o mg. q.i.d. sublingual 
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Each effervescent tablet in solution supplies 25 mEq. potassium as bicarbonate and citrate 


One good KL 





Introducing 


KLYTEGL 


Each dose in solution supplies 25 mEq. potassium chloride 


potassium supplement with chloride 


The good-tasting way to treat hypokalemias induced by 
thiazide diuretics and other drugs... 


Here, at last, is a potassium chloride supplement that just doesn't taste 
like one! The mixed fruit flavor of new K-Lyte/Cl is truly refreshing. 
Now, K-Lyte/Cl offers your patients all of the therapeutic advantages 
you expect from a potassium chloride supplement. And you can be 
sure that your patients will take the K-Lyte/Cl you prescribe—all in 
good taste. 


Now you have a choice... 

When extra chloride is not desired, original effervescent K-Lyte is 
unsurpassed in flavor, effective and safe in short- or long-term potassium 
supplementation. There is little chance of taste fatigue from K-Lyte 
with two delicious, effervescent flavors to alternate...fresh-tasting orange 
and sparkling lime. 


e Each effervescent tablet in " Each dose of powder in 

KLyte solution supplies 25 mEq. potas- KLyte Cl solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 

Each tablet or dose must be completely dissolved before taking. 
Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of 
potassium deficiency. Particularly useful when thiazide diuretics or corticosteroids cause excessive 
excretory potassium losses. Contraindications: Impaired renal function with oliguria or azotemia; 
Addison's disease; hyperkalemia from any cause. Warnings and Precautions: Since the amount 
of potassium deficiency may be difficult to determine accurately, supplements should be adminis- 
tered with caution, and dosages adjusted to the requirements of the individual patient. Potassium 
intoxication rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the extremities. 
Frequent checks of the clinical status of the patient, ECG, and serum potassium level are desirable. 
In established hypokalemia, attention should also be directed toward other potential electrolyte 
disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated 
potassium salt preparations, patients should be carefully directed to dissolve each dose completely 
in the stated amount of water. K-Lyte/Cl contains 4.9 grams (20 calories) of sucrose per dose 
which should be considered for patients with restriction of caloric intake. Adverse Reactions: 
Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 
Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, 
depending upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 fo 4 
ounces of cold or ice water; K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold 
or ice water. The normal adult daily requirement is approximately 50 mEq. of elemental potas- 
sium. NOTE: It is suggested that these products be taken with meals and sipped slowly over a 
5-10 minute period. How Supplied: K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange 
or lime flavors). K-Lyte/Cl: Powder, cans of 30 measured doses with scoop (fruit-punch flavor). Ey 
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Physio-Control 
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Makes all others obsolete. 


Physio-Control introduces a new generation 
of oximeters! 

A major breakthrough in the field of oximetry, 
the Physio-Control In Vivo Oximeter"is the first com- 
pletely solid-state instrument for determining con- 
tinuous HbO, at the tip of a catheter. 

It is the first instrument of its kind to utilize 
inexpensive, disposable catheters (French #5 & #6) 
containing both fiber optics for light transmission and 
a lumen for direct blood pressure and sampling. 

It is the first in vivo oximeter to utilize 
an alternate-pulse generating system with light emit- 
ting diodes for a light source . . . synchronized with an 
electronic pulse separator at the photoreceptor end. 
The ratio between the resulting voltages is calculated 
by a computer, which gives a digital meter read-out of 
percent Hb0,. This makes the Physio-Control In Vivo 
Oximeter the smallest, most efficient, easiest to use 
unit of its kind. 

It is the first continuous oximeter for cardiac 
catheterization ever available at a price (under $3,000) 
which makes its widespread clinical use a practical 
reality. Cardiac surgery,catheterization laboratories and 
intensive care units are only three of its many potential 
uses. There is simply nothing like it. 

If you'd like complete details about the Physio- 
Control In Vivo Oximeter, write: Physio-Control Corp- 
oration, 2607 Second Avenue, Seattle, Wash. 98121. 
Telephone (206) 624-4824. 


*Patent Pending. c Physio-Control 





od morning 
after 

a sleep-through 

night 


That's how a patient feels after a restful 
night's sleep provided by Quaalude-300 
(methaqualone). 
He wakes up alert and ready to face 
the demands of the day (Quaalude 
atients usually awaken easily and 


without evidence of "hangover") ... be- 
cause he slept well all night (Quaalude 


usually helps produce 6 to 8 hours of 
restful sleep)... and hedidn't havetolie 
awake for a long period of time before 
he went to sleep (Quaalude can induce 
sleep in 10 to 30 minutes). Now the 
physician has one less tired, sleepy and 
apprehensive patient to contend with. 

Non-barbiturate Quaalude-300 is 
chemically unrelated to other sedative- 
hypnotics. Its therapeutic value has 
been established in controlled clinical 
studies and by wide usage of metha- 
qualone throughout the world. 

Side effects reported have been mild, 
transient, and have often proved to be 
statistically insignificant when com- 
paredto placeboeffects. (See briefsum- 
mary on last page of advertisement.) 

For these reasons, maybe the pre- 
scribing physician sleeps a little better, 


too. 


300 mg. tablets 








a nona: barbiturate 


(methaqualone) 





WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 





For additional prescribing information, please turn page. 
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glutethimide. 


Sleeping and awakening with Quaaludé-300 (methaqualone) 
can be a pleasant experience— patients enjoy a sleep-through 
night, usually without “drugged” after-effects in the morning. 

Quaalude is chemically unrelated to barbiturateS and 


Side effects reported have been mild, transient, and 
often statistically insignificant when compared to placebo  , 
effects. (See Adverse Reactions section below.) 

Patients appreciate this gentle way to sleep: 

sleep usually within 10-30 minutes 

Sleep duration—6-8 hours 

the awakening—pleasantly alert— 

usually no "hung-over" feeling 


Quaalude-300 





300 mg. tablets 


(methaqualone) a a non-barbiturate 





Brief Summary 
of Prescribing Information 


Indications: 
Sleep. Daytime sedation. 


Usual Adult Dose: 

For sleep, 150-300 mg. at bedtime. 
For patients previously on other 
hypnotics, 300 mg. for five to seven 
nights. For sedation, 75 mg. t.i.d. 
or q.i.d. Not recommended in 
children. Dosage should be 
individualized for aged, debilitated 
or highly agitated patients. 


Overdosage: 

Acute overdosage may result in 
delirium and coma, with restless- 
ness and hypertonia, progressing 
to convulsions. Evacuate gastric 
contents, maintain adequate venti- 
lation and support blood pressure, 
if necessary. Dialysis may be 
helpful. Analeptics are contra- 
indicated. Succinylcholine accom- 
panied by assisted respiration has 
been proposed for prolonged 
convulsions. Overdoses of metha- 
qualone appear to be less often 
associated with cardiac or respira- 
tory depression than are overdoses 


a mr 


of oral barbiturates, but shock and 
respiratory arrest may occasionally 
occur. 


Contraindications: 


Contraindicated in women who are or 


may become pregnant; or patients 
with known hypersensitivity. 


Warnings: 
Take hypnotic dose only at bed- 


time. Not recommended in children. 


Warn patient on Quaalude against 
driving acar or operating danger- 
ous machinery. Care needed when 
administered with other sedative, 
analgesic or psychotropic drugs 
or alcohol because of possible 
additive effects. Pending longer 
clinical experience, Quaalude 
should not be used continuously 


for periods exceeding three months. 


Psychological dependence occa- 
sionally occurs. Physical depend- 
ence rarely reported. However, 
caution needed with addiction- 
prone patients. 


Precautions: 
Use with caution and prescribe 
small quantities in patients with 


anxiety states where impending 
depression or suicidal tendencies 
exist. Give in reduced doses, if at 
all, in patients with impaired 
hepatic function. 


Adverse Reactions: 
Neuropsychiatric: headache, hang- 
over, fatigue, dizziness, torpor, 
transient paresthesia of the 
extremities. An occasional patient 
has experienced restlessness or 
anxiety. Hematologic: aplastic 
anemia possibly related to metha- 
qualone has been very rarely 
reported. Gastrointestinal: dry 
mouth, anorexia, nausea, emesis, 
epigastric discomfort, diarrhea. 
Dermatologic: diaphoresis, brom- 
hidrosis, exanthema. Urticaria has 
been particularly well documented. 


Supplied: 

Quāālude-150 (150 mg. white, 

scored tablets). Quāālude-300 

(300 mg. white, scored tablets). 
Consult complete literature 

before prescribing. 


WILLIAM H. RORER,INC. 
Fort Washington,Pa. 19034 
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Now AVAILABLE! ! 


This helpful reference work contains, indexed by 
subject and author, all material (including sym- 
posia) that appeared in THE AMERICAN JOURNAL 
OF MEDICINE from July 1966 through June 1971. 


THE AMERICAN One of the most useful features of this service IS 
JOURNAL OF MEDICINES | cmm 


D YEAR Remember please that the index will include a 
complete indexing of all material that appeared in 


CUMULATIVE INDEX — | Eoaea enhon re 1971) m 


JULY 1966—JUNE 1971 THE AMERICAN JOURNAL OF MEDICINE's 5 Year 
Cumulative Index will greatly increase the practi- 
cal value of your file copies of the Journal. You will 
also find the index an important contribution to 
your reference library—covering as it does a pe- 
riod of dramatic advancement in the field of inter- 
nal medicine. 


To receive your copy of this limited edition—fill in the order form—tear off—attach remittance 
and mail. 


THE AMERICAN JOURNAL OF MEDICINE 
466 LEXINGTON AVENUE, NEW YORK, N.Y. 10017 


| | 
| | 
| 
| | 
5 YEAR | Please send copy(ies) of THE AMERICAN JOURNAL OF MEDICINE's | 
| 5 Year (July 1966—June 1971) Cumulative Index—Priced at 7.50* each. | 
CUMULATIVE | [] Payment enclosed | 
| | 
INDEX | Name | 
| Address | 
| | 
| City State Zip Code | 
|  *For delivery in New York State please add appropriate sales tax. In New York | 
| e . re} 
| City 7%. | 
| | 
J 
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General Electric patient monitoring equipment 
is designed and coordinated to meet specific 
needs. Systems range from the basic, multi- 
purpose Emergency Cart to a complete Intensive 
Care system providing a continuous flow of life- 
saving information. 


Easy-to-use GE systems are straightforward and 
uncomplicated — because they are more sophis- 
ticated in design and construction. Every com- 
ponent is engineered for reliability, long life and 
patient safety. 


The General Electric Information Environment — 


Emergency. GE answers the need for fast 
action and rapid diagnosis with a system 
providing vital physiological data on-line in 
real time. 


Coronary Care. There's a GE system for 
every stage of coronary care—an Information 
Environment designed for safety, dependa- 
bility, accuracy, and electronic stability. And 
now you can include General Electric's non- 
fade displays, which provide a bright, sharp, 


continuous trace —12 seconds of valuable di- 
agnostic information. 


Intermediate Coronary Care. GE offers an 
ICCU telemetry system for monitoring am- 
bulatory heart patients who have progressed 
beyond the acute stage. 


Surgery. General Electric recommends a 
factory-assembled monitoring system incor- 
porating essential parameters specific to the 
operating room environment. 


Intensive Care. Designed for easy use by 
nurses, GE's multi-parameter, on-line systems 
make possible more efficient health care 
management of more patients. 


When your hospital has GE equipment, you get 
GE service. And that means round-the-clock 
availability of the nation's largest medical elec- 
tronics service organization. All you do is pick 
up the phone and call us. We take it from there. 


General Electric Medical Systems 
Milwaukee, Toronto, Liege 


GENERAL Q ELECTRIC 
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The Editors of ACCESS® take pleasure in announcing 
the availability of tbe ACCESS? Supplement Tape No. 3 


A 60-minute Cassette Tape 
on 


PHYSICIAN SELF-ASSESSMENT 


Produced by: SUZANNE B. KNOEBEL, M.D., F.A.C.C. 
Associate Editor, Physician Self-Assessment Program 
Indianapolis, Ind. 


This 60-minute Physician Self-Assessment tape provides you with an opportunity to examine your own 
information base in clinical cardiology. It covers a broad spectrum of cardiovascular subjects and comes 
with a manual of text and illustrations. The illustrations are also reproduced on fifty 35mm slides which 
come packaged in a convenient box. All materials remain the property of the purchaser. 


Cost to ACCESS® subscribers . . . . . . . . . . $9.00 
Cost to non-subscriber physicians . . . . . . . . . $10.00 
Cost to non-subscriber libraries. . . . . . . . . . $11.00 
ASA. € € uà] s um € a € Se —— — DETACH HEBRE ee ÁREA m m us amm uam m um m cn 
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9650 Rockville Pike, Bethesda, Md. 20014 


E Boma os U.S. funds. (Make check payable to: The American College of Cardiology.) 


[] $9.00 (U.S. Funds) ACCESS? subscribers 
[] $10.00 (U.S. Funds) Non-subscriber physicians 
g $11.00 (U.S. Funds) Non-subscriber libraries 


(Please print) 
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-= Cardiovascular Bibliography of Selected Reviews* 


ANTIHYPERTENSIVE AGENTS 


Effectiveness of drug therapy in hypertension: present 
status. A review. Freis ED. 


Circ Res 28:Suppl 2:70-5, May 71 (25 ref.) 


«e ARTERIES 


Arteriosclerotic occlusion in the lower limb. Ellis H. 
Ann R Coll Surg Engl 49:137-47, Aug 71 (28 ref.) 


ARTERIOSCLEROSIS 


* Arteriosclerotic occlusion in the lower limb. Ellis H. 
Ann R Coll Surg Engl 49:137-47, Aug 71 (28 ref.) 


BLOOD VOLUME DETERMINATION 


Accuracy and sources of error in determining the blood 
volume with the “Volemetron”. Ulmer HV, et al. 
Anaesthesist 20:277-82, Aug 71 (18 ref.) 


CARDIOVASCULAR DISEASES 


Glucagon: present status in cardiovascular disease. 
Kones RJ, et al. 
Clin Pharmacol Ther 12:427-44, May-Jun 71 (134 ref.) 


CEREBROVASCULAR DISORDERS 


Stroke survey at a large Midwestern teaching hospital. 
Hardin WB Jr, et al. Mo Med 68:626-32, Aug 71 (12 ref.) 








CORONARY DISEASE 


Dietary fat and coronary heart disease: a review. 
Med J Aust 1:1155-60, 29 May 71 (53 ref.) 


CORONARY VESSELS 


Responses of rat heart muscle to exercise. 
Nutr Rev 29:116-8, May 71 (12 ref.) 


HEART 


Responses of rat heart muscle to exercise. 
Nutr Rev 29:116-8, May 71 (12 ref.) 


HEART DISEASES 


Clinical pathology of cardiac disease. Number 
thirty-two in a series. Morgan HC. 
Vet Med Small Anim Clin 66:717-24, Jul 71 (17 ref.) 


MYOCARDIUM 


Responses of rat heart muscle to exercise. 
Nutr Rev 29:116-8, May 71 (12 ref.) 


THROMBOSIS 


Nonthrombogenic surfaces: critical review. Salzman 
EW. Blood 38:509-23, Oct 71 (134 ref.) 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program— Bibliography of Med- 


ical Reviews. A cooperative program of the American College of Cardiology and the National Library of Medicine. The 
first of these Bibliographies, and an explanatory editorial, appeared in the September 1971 issue of the Journal (Amer 


J Cardiol 28: 366-367, 1971). 


Book Reviews 


Atlas of Nuclear Medicine, Volume 2, Lung and Heart, by 
Frank H. DeLand, MD and Henry N. Wagner, Jr., MD. Phila- 
delphia, W. B. Saunders, 284 pages, $20. 


The rapidity with which this book can be scanned is no 
indication of the amount of information that can be 
gleaned from it. The format is outstanding. The quality 
of the scan reproductions is excellent, and the brief in- 
terpretations are more than adequate to explain the il- 
lustrative material. 

The book is divided into two sections: The first sec- 
tion, covering the lung, makes up three quarters of the 
book; the final quarter is concerned with the heart, Af- 
ter a brief but adequate section to explain pulmonary 
segmental anatomy in relation to the perfusion lung 
scan, illustrative cases are presented to demonstrate 
normal variants, pulmonary embolization, pulmonary 
hypertension and infectious and neoplastic diseases of 
the lung. Each case presentation includes a brief clini- 
cal history, a diagnosis prior to scanning, the interpre- 
tation of the scan and the subsequent course of the pa- 
tient. Scans and radiographs are illustrated for each 
case. For many cases, line drawings of the segmental 
anatomy with the abnormal segments indicated are in- 
cluded. These line drawings are most helpful to the 
reader's understanding of the interpretation. In two 
brief pages, the diagnosis of pulmonary embolization 
by means of lung scanning and the relationships be- 
tween the scan and the pulmonary arteriogram are well 


explained. The average reader will learn a great deal 
about the usefulness of lung scanning in diseases other 
than pulmonary embolization in the second half of this 
first section. The second section indicates the usefulness 
of blood pool scanning and nuclear angiography in the 
evaluation of congenital heart disease, pericardial effu- 
sion and mediastinal masses in relation to the great | 
vessels. 

There are some minor difficulties. At times, a case is 
presented on several consecutive pages, and it is diffi- 
cult to compare scans from 1 page to the next, Occa- 
sionally, the quality of the reproductions of the chest 
radiographs is not entirely adequate. On page 221, two 
of the scans are reversed. Unfortunately, only one page 
in the lung section is devoted to xenon imaging. The 
latter represents a rapidly enlarging field of interest in 
nuclear medicine, and it might have been most helpful 
to expand this brief section. Moreover, there is no dis- 
cussion of the combination of perfusion scanning and 
inhalation scanning in the diagnosis of pulmonary em- 
bolization. 

This Atlas will undoubtedly find its way onto the 
shelf of the practitioner of nuclear medicine. For the 
cardiologist or internist interested in the usefulness of 
modern scanning, it will prove most helpful. 


DONALD J. PINALS, MD 
New Rochelle, New York 
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Dr. Adams 


As one who has been concerned with 
the rapid proliferation during the past 
two decades of cardiac surgical teams 
throughout the United States, | am 
greatly interested in the recent report 
of the Surgery Study Group of the Inter- 
Society Commission for Heart Disease 
Resources which appeared in Circula- 
tion 44:A-221, 1971. This group of sur- 
gical experts headed by Dr. J. Gordon 
Scannell of Boston concerned itself 
with determining the “optimal re- 
sources for cardiac surgery." To my 
mind, they have made some excellent 
recommendations. 

The Surgery Study Group has em- 
phasized that for optimal cardiac sur- 
gical results, the necessary disciplines 
involved must be fully integrated and 
broadly based, working together prefer- 
ably in a general hospital. Experience in 
England has shown that where cardiac 
surgical units have developed in areas 
of low population density, and outside 
of large centers, they have suffered 
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How Many Cardiac Surgical Teams 


Are Necessary? 


from geographic and academic isola- 
tion. The types, qualifications and num- 
bers of persons necessary for staffing 
a cardiac facility are clearly documented 
by the Surgery Study Group. In addi- 
tion, they have made recommendations 
on the number, size and kinds of physi- 
cal facilities necessary for a good car- 
diac unit, which they stress must be 
operational 24 hours a day and 7 days 
a week. Their recommendations include 
standards for prevention of infection, 
fire and electrical hazards with empha- 
sis on preventive maintenance. 
Perhaps the most startling yet rea- 
sonable recommendation of the Study 
Group concerns the relationship be- 
tween the adequacy of the case load at 
a center and the quality of care ren- 
dered. It is their opinion that a minimal 
case load of 4 to 6 open heart opera- 
tions per week plus a reasonable num- 
ber of closed heart operations per week 
is essential for members of the cardiac 
surgical team to maintain their clinical 


skills, research interests, motivation 
and morale. If such standards are ap- 
plied to the results of a recent survey 
(cited by the Study Group), only 25 car- 
diac surgical centers in the U. S. and 
Canada meet their requirement! 

Several recent reports indicate that 
many if not most of the facilities per- 
forming cardiac surgery in the U. S. 
ere underutilized to a degree that raises 
serious questions about their value. It 
is my opinion that such underutilization 
not only is bad for the patient, but also 
greatly increases the cost of such ser- 
vices to the patient and to the public 
supporting the facilities. In these days 
of mounting medical costs, can we af- 
ford such underutilization? | believe 
some centralization of services and 
cost accounting is indicated now. — 


FORREST H. ADAMS, MD. FACC 
President 
American College of Cardiology 


Advance Program 


COLLEGE NEWS 


Twenty-First Annual Scientific Session 


American College of Cardiology 


Chicago, March 1—5, 1972 


General Information 


Every effort has been made to organize the 1972 Annual Meeting 
in such a way that it provides a productive and worthwhile ex- 
perience for all in attendance. The program is designed within 
the framework of a growing concern regarding the need for 
intensive, systematic and quality educational opportunities re- 
lated to cardiovascular disease. 


Advance Registration 


Advance registration is requested and will help avoid delays at 
the time of the scientific session. Please use the Acvance Reg- 
istration Card enclosed with this program. Deadline for receipt 
of Advance Registration in the College office is February 9, 1972. 


Chicago, Illinois, Registration Schedule 


General Registration: 
Continental Room, Conrad Hilton Hotel 


Date Hours 

Tuesday, February 29 5:00 P.M.-9:00 P.M. 
Wednesday, March 1 8:00 A.M.-9:00 P.M. 

Lower Lobby, Conrad Hilton Hotel 

Date Hours 

Thursday, March 2 8:00 A.M.-5:00 P.M 
Friday, March 3 8:00 A.M.-5:00 P.M 
Saturday, March 4 8:00 A.M.-5:00 P.M. 
Sunday, March 5 8:00 A.M.-12:00 noon 


Ladies Registration: Boulevard Room, Conrad Hilton Hotel 


Registration Fee 


There is no registration fee for the membership of the American 
College of Cardiology. Non-member fee is seventy-five dollars. 
Medical students, interns, residents, fellows, members of the 
armed services, USPHS and VA, nurses, scientific exhibitors and 
program participants may attend without fee as guests of the 
American College of Cardiology. 


Luncheon Tickets 


Seating is limited at the luncheon bem therefore, early reser- 
vation of luncheon tickets is advisable. The Advance Registration 
Form provides for the reservation of choice. Admission to the 
luncheon panel discussions is by ticket only. 


VOLUME 29, JANUARY 1972 


Cardiac Clinics 


Seating is limited at these sessions; hence, early reservation of 
tickets is recommended. The Advance Registration Form provides 
for the reservation of a ticket of choice. Admission to these con- 
ferences is by ticket only. 


Clinical Conversations with the Master Teachers 


Attendance is limited to small groups to assure informal dis- 
cussion. Admission is by ticket only and tickets will become 
available at the time of opening registration at 5:00 p.m. on 
Tuesday, February 29. 


Fireside Conferences 


Fireside Conferences will be held at the Conrad Hilton Hotel. 
Tickets are not required for Firesides. Attendance is, however, 
limited to the seating capacity of the room. 


Technical and Scientific Exhibits 


More than 250 exhibits will be featured at the 1972 Annual Ses- 
sion. All exhibits will be on display at the Conrad Hilton Hotel. 
Exhibit hours are: 


Date Hours 


Thursday, March 2 
Friday, March 3 
Saturday, March 4 


Chicago Art Institute 


By special arrangement, the Chicago Art Institute will be open 
from 5:30 p.m. to 8:30 p.m. on Friday, March 3 for physicians 
and wives attending the 21st Annual Scientific Session. Round 
trip bus transportation will be available from the Conrad Hilton 
om Transportation tickets will be on sale in the ACC registra- 
ion area. 


Lodging 


You are requested to use the special Housing Form printed 
with this program. Blocks of rooms have been reserved at the 
hotels listed. Send your request to the address shown on the 
Housing Form. Mailing it to the Hotel or to the College office 
will unnecessarily delay your reservation. 
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TUESDAY, FEBRUARY 29 


P.M. 


A Registration— Continental Room, Conrad Hilton Hotel 


WEDNESDAY, MARCH 1 


A.M. 
8:00 Registration—Continental Room, Conrad Hilton Hotel 


A.M. 
9:00 to 12:00 noon 


READ AND REMEMBER 
Beverly Room, Conrad Hilton Hotel 
Coordinator: David L. Schmidt, Kansas City, Mo. 
Registration Limited to 50. 
Enrollment Fee: $25.00 
(Above program to be repeated 2:00-5:00 p.m.) 


FORMULATION OF INSTRUCTIONAL 
OBJECTIVES: 
A CLINICAL SEMINAR 


Williford C, Conrad Hilton Hotel 


The American College of Cardiology in 
cooperation with The Pacific Medical Center, 
San Francisco, Calif. 


Presented by: 


Program Directors: John C. Bish, Ed.D., American College of 
Cardiology, Bethesda, Md. 


Rodger Shepherd, M.D., Pacific Medical Center 
San Francisco, Calif. 


P.M. 
2:00 Introduction 


2:10 Small Groups: Writing Instructional Objectives 


3:00 Small Groups: Writing Instructional Objectives/Applica- 
tion of Instructional Ohjectives 


4:00 un Groups: Applying/Sequencing Instructional Objec- 
ives 


4:45 Summary and Evaluation 
5:00 Adjourn 


Registration Limited to 25—Advance Registration is 
required 


Enrollment Fee: $10.00 for American College of 
Cardiology members 


$15.00 for non-members 
CARDIAC CLINICS 


1:00 Bus transportation leaves from the South entrance of 
to Conrad Hilton Hotel on East 8th Street for Cardiac 
1:30 Clinics. 


126 


2:00 Because of limited seating facilities at several of the 

to participating institutions, admission to these conferences 

5:00 is by ticket only. The Advance Registration Form en- 
closed with this program provides an opportunity for the 
reservation of a ticket of choice. 


1. The Children's Memorial Hospital 
Bigler Auditorium 
707 W. Fullerton Avenue 
Chicago, Illinois 
Chairman: Milton H. Paul, M.D., F.A.C.C., Chicago, III. " 


TOPICS IN PEDIATRIC CARDIOLOGY 


P.M. 
2:00 Introduction to the Children’s Memorial Hospital: 


Cardiology Information Retrieval System—Milton H. Paul, 
M.D., F.A.C.C., Chicago, Ill. 


2:20 Management of the Atrial Septal Defect-Ventricular Septal 
Defect Complex in Infancy—Sara D. Blumenschein, M.D. 
and Farouk S. Idriss, M.D., Chicago, IIl. 


2:40 Atrial Septal Defect-Patent Ductus Arteriosus Complex— 
Roger B. Cole, M.D. and Edward Lawson, M.D., Chicago, 


2:55 Exercise Studies for Evaluation of Cardiopulmonary Func- 
tion in Children and Adolescents—Hans U. Wessel, M.D., 
Chicago, IIl. 


3:20 INTERMISSION 


3:30 Unusual Systemic-Pulmonary Anastomoses for Tetralogy— 
aed icai M.D., and Farouk S. Idriss, M.D., Chi- 
cago, Ill. 


3:45 Mass Spectrometer Breath by Breath Gas Analysis for 
Cardiopulmonary Study—Ronald Stout, Ph.D., Chicago, III. 


4:05 Right Ventricular Outflow Tract Morphology: Pathologic- 
Angiographic Analysis—Alexander J. Muster, M.D., 
F.A.C.C., Chicago, Ill. 


4:25 Surgical Management of Aberrant Muscle Bundle Obstruc- 
tion rds Right Ventricle—Farouk S. Idriss, M.D., Chi- 
cago, Ill. 


4:40 The Pulmonary Vascular Bed in Transposition of the 
Great Arteries—Edgar A. Newfeld, M.D., and Milton H. 
Paul, M.D., F.A.C.C., Chicago, III. 


5:00 Adjourn 


2. Cook County Hospital 
Hektoen Institute 
617 South Wood Street—1st floor 
Chicago, Illinois 
Chairman: Rolf M. Gunnar, M.D., F.A.C.C., Chicago, III. 
Co-Chairman: Robert Miller, M.D., Chicago, Ill. 


d MYOCARDIAL INFARCTION 


2:00 Monitoring Methods—Henry S. Loeb, M.D., Chicago, Ill. 


2:20 Ventricular Function—Shahbudin H. Rahimtoola, M.D., 
F.A.C.C., Chicago, Ill. 
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WEDNESDAY (continued) 

2.40 Pharmacologic Support—Rolf M. Gunnar, M.D., F.A.C.C., 
Chicago, Ill. 

3:00 penu of LV Asynergy—Peter Geis, M.D., Chicago, 
lèl. 

3:10 INTERMISSION 

BILATERAL BUNDLE BRANCH BLOCK 

3.30 Pathology—Maurice Lev, M.D., F.A.C.C., Chicago, IIl. 

1.00 Electrophysiology—Kenneth M. Rosen, M.D., F.A.C.C., 
Chicago, III. 

4:30 Right Ventricular Outflow Obstruction: Diagnostic and 
Surgical Problems—Robert Miller, M.D., and Constantine 
J. Tatooles, M.D., F.A.C.C., Chicago, III. 

5:00 Surgery in the Neonate—Constantine J. Tatooles, M.D., 
F.A.C.C., Chicago, III. 

5:20 Adjourn 


3. Loyola University Medical Center 
Lower Level Amphitheater—Room 0708 
2160 South 1st Avenue 
Maywood, Illinois 


Chairman: 


John R. Tobin, Jr., M.D., F.A.C.C., Chicago, III. 


Co-Chairmen: Rimgaudas Nemickas, M.D., Chicago, IIl. 


Patrick J. Scanlon, M.D., Chicago, Ill. 


THE MANAGEMENT OF INTERMEDIATE CORONARY SYNDROME 


P.M. 
2:00 


2:15 
2:30 
2:45 
3:00 


3:15 
3:30 


3:45 


4:00 


4:30 
9:00 


Mgr a R. Tobin, Jr., M.D., F.A.C.C., Chicago, 


Clinical Diagnosis—John F. Moran, M.D., Chicago, Ill. 
Medical Therapy—James V. Talano, M.D., Chicago, Ill. 
Prognosis—Patrick J. Scanlon, M.D., Chicago, IIl. 

Coronary Arteriography—Rimgaudas Nemickas, M.D., Chi- 
cago, Ill. 

INTERMISSION 


Surgical Indications—Constantine J. 
F.A.C.C., Chicago, Ill. 


Surgical Procedures and Results—Roque Pifarre, M.D., 
Chicago, Ill. 


Overview of Emergency Direct Myocardial Revasculariza- 
tion—William C. Sheldon, M.D., F.A.C.C., Chicago, Ill. 


Question and Answer Period 
Adjourn 


Tatooles, M.D., 


4. Northwestern University Hospital 
Offield Auditorium 
Passavant Memorial Hospital 
303 East Superior Street 
Chicago, Illinois 


Chairman: 


Martin Brandfonbrener, M.D., Chicago, Ill. 


Co-Chairman: Oglesby Paul, M.D., F.A.C.C., Chicago, III. 


P.M. 


2:00 Epidemology of Coronary Disease—Oglesby Paul, M.D., 


CORONARY DISEASE 


F.A.C.C., Chicago, Ill. 
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2:20 


2:40 


3:00 


3:20 


3:40 
4:05 





COLLEGE NEWS 


Physiology of Occlusion—William P. McKeever, M.D., 
F.A.C.C., Chicago, Ill. 


Coronary Arteriograms—Sheridan N. Meyers, M.D., and 
Frank Faksena, M.D., Chicago, III. 


Coronary Unit Record Keeping—Richard Davison, M.D., 
Chicago, IIl. 


Anticoagulant and Coronary Disease—George Kroll, M.D., 
F.A.C.C., Chicago, lll. 


Question and Answer Period 


Adjourn 


5. Mercy Hospital and Medical Center 
Rooms 203 and 204 
Stevenson Expressway at King Drive 
Chicago, Illinois 


Chairman: H. Dizadji, M.D., F.A.C.C., Chicago, Ill. 
SELECTED TOPICS ON MYOCARDIAL INFARCTION AND 


P.M. 
2:00 


2:05 


2:30 


2:50 


3:00 


3:20 


3:40 
4:05 


CORONARY ARTERY VENOUS BY-PASS 


Welcome—W. Cernock, M.D., Chicago, IIl. 


Myocardial Infarction and Hemiblocks—Agustin Cas- 
tellanos, Jr., M.D., F.A.C.C., Miami, Fla. 


Factors Affecting Mortality from Myocardial Infarction 
During the Acute Phase in the Coronary Care Unit—h. 
Dizadji, M.D., F.A.C.C., Chicago, III. 

INTERMISSION 


Factors Affecting Mortality after Coronary Artery Venous 
By-pass—T. Hoeksema, M.D., Chicago, Ill. 


The Use of Propranolol in the Coronary Care Unit—Her- 
bert Bessinger, M.D., F.A.C.C., Chicago, Ill. 


Panel Discussion and Question and Answer Period 


Adjourn 


6. Michael Reese Hospital and Medical Center 
Cardiovascular Institute 
Rothschild Auditorium, Nurses’ Residence 
29th Street and Ellis Avenue 
Chicago, Illinois 


Chairman: Gerald Glick, M.D., Chicago, Ill. 


P.M. 
2:00 


2:20 


2:40 


3:00 


3:20 


TRENDS IN THE DIAGNOSIS AND 
MANAGEMENT OF CARDIOVASCULAR DISEASE 


Treatment of Atrio-ventricular Block in the Patient with 
Acute Myocardial Infarction—Richard Langendorf, M.D., 
F.A.C.C., Chicago, Ill. 


Arrhythmias in Electrolyte Disturbances—Alfred Pick, 
M.D., F.A.C.C., Chicago, Ill. 


Role of Drugs and Circulatory Assistance in the Treat- 
m of Cardiogenic Shock—Mario Feola, M.D., Chicago, 
Experiences with Coronary Arteriography—Aaron B. 
Shaffer, M.D., Chicago, III. 


Role of His Bundle Recordings in the Delineation of 
M Disturbances—Howard C. Cohen, M.D., Chicago, 
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WEDNESDAY (continued) 


3:40 cham and Atherosclerosis—Ruth Pick, M.D., Chi- 
cago, Ill. 


4:05 Adjourn 


7. Rush Presbyterian-St. Luke’s Medical Center 
A. B. Dick Auditorium 
1753 West Congress Parkway 
Chicago, Illinois 


Chairman: Richard A. Carleton, M.D., F.A.C.C., Chicago, Ill. 
PATIENT MANAGEMENT AFTER CARDIAC SURGERY 
P.M. 
2:00 Introduction 


2:05 Myocardial Sequelae of C-P Bypass—Hassan Najafi, M.D., 
F.A.C.C., Chicago, Ill. 


2:20 Prevention of Renal Failure—|. Drummond Rennie, M.D., 
Chicago, IIl. 


2:35 Respiratory Assistance—Marshall Goldin, M.D., Chicago, 
Il. 

2:50 Analysis of Post-Op Fever—Stuart Levin, M.D., Chicago, 
Ill. 


3:10 Diagnosis and Management of Post-Op Bleeding—Fedor 
Bachmann, M.D., Chicago, Ill. 


3:20 INTERMISSION 


3:30 Management of Arrhythmias—Stanley Heller, M.D., Chi- 
cago, Ill. 


3.45 Management of Low Cardiac Output—Robert Hauser, 
M.D., Chicago, III. 


4:00 Question and Answer Period 
5:00 Adjourn 


8. University of Chicago Clinics and Hospital 
The Center for Continuing Education 
Assembly Room 
1307 East 60th Street 
Chicago, Illinois 


Chairman: Leon Resnekov, M.D., F.A.C.C., Chicago, IIl. 
Co-Chairman: Harry Fozzard, M.D., Chicago, III. 


NEW TRENDS IN INVESTIGATION AND TREATMENT 
P.M. 


2:00 Cellular and Biochemical Basis of Cardiac Hypertrophy— 
Murray Rabinowitz, M.D., F.A.C.C., Chicago, Ill. 


2:20 Quantitive Electron Microscopic Pathology of Heart Mus- 
cle—Ernest Page, M.D., Chicago, Ill. 


2:40 Renin-Angiotensin and Systemaic Hypertension— Suzanne 
Oparil, M.D., Chicago, Ill 


3:00 Diagnosis and Management of Lipoprotein Abnormalities— 
Angelo Scanu, M.D., Chicago, III. 


3:20 INTERMISSION 


3:35 Coronary Care Changing Patterns—Leon Resnekov, M.D., 
F.A.C.C., Chicago, IIl. 


3:55 Bilateral Bundle Branch Block—Roderick Childers, M.D., 
Chicago, III. 


4:15 Computer Recognition of Cardiac Dysrhythmias—Harry 
Fozzard, M.D., Chicago, III. 
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4:35 Assessment of Myocardial Function—Harold Brooks, M.D., 
Chicago, IIl. 


4:55 Question and Answer Period 
5:30 Adjourn 


9. University of Chicago Wyler Children’s Hospital 
Center for Continuing Education 
Room 2EF 
1307 East 60th Street 
Chicago, Illinois ° 


Chairman: René A. Arcilla, M.D., F.A.C.C., Chicago, IIl. 
Co-Chairman: Donald E. Cassels, M.D., F.A.C.C., Chicago, II. 


ADVANCES IN PEDIATRIC CARDIOLOGY 
P.M. 


2:00 Deep Hypothermia and Circulatory Arrest in Small Sub- 
jects—Clinical and Experimenta! Studies—Robert Rep- 
logle, M.D., Chung Lin, M.D., Robert Paulissian, M.D., and 
Harry Lowe, M.D., Chicago, III. 


2:25 Myocardial, Biochemical and Ventricular Performance 
Studies During Open-Heart Surgery—Anthony Cutilletta, 
M.D., Robert Replogle, M.D., Chung Lin, M.D., and René A. 
Arcilla, M.D., F.A.C.C., Chicago, IIl. 


2:55 INTERMISSION 


3:15 Multi-Chamber Volume Studies by Angiocardiography in 
Infants and Children—René A. Arcilla, M.D., F.A.C.C., 
UM Thilenius, M.D., and Klaus Ranniger, M.D., Chicago, 


3:40 Hemodynamics and Surgical Correction of Rheumatic 
Mitral Insufficiency in Children—Otto Thilenius, M.D., 
Robert Replogle, M.D., and René A. Arcilla, M.D., F.A.C.C., 
Chicago, III. 


4:05 Adjourn 


10. University of Illinois 
College of Pharmacy Building 
Room 150-North 
833 South Wood 
Chicago, Illinois 


Chairman: Raymond J. Pietras, M.D., F.A.C.C., Chicago, III. 


NONINVASIVE TECHNIQUES FOR THE ASSESSMENT 
OF LEFT VENTRICULAR PERFORMANCE 


P.M. 


2:00 Systolic Time Intervals: Determinants and Applications— 
Willard Harris, M.D., Chicago, III. 


2:30 Normal and Abnormal Responses of Systolic Time Inter- 
vals to Exercise—Jean Maurice Pouget, M.D., F.AC.C., 
Chicago, III. 


3:00 INTERMISSION 


3:15 Heart Tracking: A Noninvasive Method of Measuring Con- 
tractility: Experimental and Clinical Evaluation—Sidney 
Levitsky, M.D., Chicago, lil. 


3:45 Instantaneous Changes in Left Ventricular Dimensions 
Using Epicardial Markers: Correlations with Biplane Cine- 
angiography—Alois Hastreiter, M.D., F.A.C.C., and Maria 
E. Serratto, M.D., F.A.C.C., Chicago, Ill. 


5:00 Adjourn 
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P.M. 


FIRESIDE PANELS 
x Conrad Hilton Hotel 


8:30 to 10:00 


l. 


Understanding Arrhythmias |: The Contribution of Basic 
Electrophysiology 


PLUR MM Greenspan, Ph.D., F.A.C.C., Indianapo- 
is, Ind. 


Harry A. Fozzard, M.D., Chicago, Ill. 
Sun H. Lau, M.D., Staten Island, N.Y. 
Donald H. Singer, M.D., F.A.C.C., Chicago, III. 


. Therapeutic Dilemma I: Too Much Digitalis or Too Little? 


Chairman—Edgar Haber, M.D., Boston, Mass. 


Edward K. Chung, M.D., F.A.C.C., Morgantown, West Va. 
James E. Doherty, M.D., F.A.C.C., Little Rock, Ark. 

Roger W. Jelliffe, M.D., F.A.C.C., Los Angeles, Calif. 
William A. Sodeman, M.D., F.A.C.C., Philadelphia, Pa. 


. Diagnostic Dilemma 1: Constrictive, Restrictive, or Coro- 


nary Cardiopathy 
arrar a 0. Fowler, M.D., F.A.C.C., Cincinnati, 
io 


Joseph A. Bonanno, M.D., Davis, Calif. 
Oscar Magidson, M.D., F.A.C.C., Los Angeles, Calif. 
Ralph Shabetai, M.D., F.A.C.C., Lexington, Ky. 


. Auscultation l: Practical Aspects of New Concepts of the 


Genesis of Heart Sounds 
ELTE K. Perloff, M.D., F.A.C.C., Washington, 


Aldo A. Luisada, M.D., F.A.C.C., Chicago, IIl. 
Robert O'Rourke, M.D., San Diego, Calif. 


. Current Concepts in the Classification of Congenital 


Heart Disease 


TW OM E. Edwards, M.D., F.A.C.C., St. Paul, 
inn. 


Maurice Lev, M.D., F.A.C.C., Chicago, IIl. 


L. H. S. Van Mierop, M.D., F.A.C.C., Gainesville, Fla. 
Richard Van Praagh, M.D., F.A.C.C., Boston, Mass. 


. Biochemical and Mechanical Correlates of Cardiac Con- 


traction 


Ue H. Sonnenblick, M.D., F.A.C.C., Boston, 
ass. 


Marianne Legato, M.D., New York, N.Y. 
C. Lynn Skelton, M.D., Boston, Mass. 
Kenneth Shine, M.D., Los Angeles, Calif. 


. The Functional Significance of the Coronary Collateral 


Circulation—Does it Protect? 
Chairman—Richard J. Bing, M.D., F.A.C.C., Pasadena, Calif. 


Goffredo G. Gensini, M.D., F.A.C.C., Syracuse, N.Y. 
Richard H. Helfant, M.D., Philadelphia, Pa. 
Suzanne B. Knoebel, M.D., F.A.C.C., Indianapolis, Ind. 


. Newer Concepts in Hyperlipidemic Therapy—Diet, Drugs 


—Mhich? 
Chairman—Robert |. Levy, M.D., F.A.C.C., Bethesda, Md. 


Virgil Brown, M.D., San Diego, Calif. 
William Connor, M.D., lowa City, lowa 
Peter T. Kuo, M.D., F.A.C.C., Philadelphia, Pa. 
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9. Invasive and Noninvasive Techniques in Evaluating Acute 


Myocardial Infarction 


Chairman—Charles E. Rackley, M.D., F.A.C.C., Birming- 
ham, Ala. 


Ezra A. Amsterdam, M.D., F.A.C.C., Davis, Calif. 
Rolf M. Gunnar, M.D., F.A.C.C., Chicago, Ill. 
Robert E. Whalen, M.D., F.A.C.C., Durham, N.C. 


10. Coronary Bypass Graft—Artery or Vein? 


A.M. 
8:00 


8:30 


A.M. 
9:00 


9:15 


10:00 


A.M. 
10:30 


10:45 


11:00 


Chairman—W. Dudley Johnson, M.D., Milwaukee, Wis. 


George E. Green, M.D., New York, N.Y. 
Jerome Harold Kay, M.D., F.A.C.C., Los Angeles, Calif. 
Harold C. Urschel, Jr., M.D., F.A.C.C., Dallas, Tex. 


THURSDAY, MARCH 2 


Registration—Lower Lobby, Conrad Hilton Hotel 
VISIT EXHIBITS 


OPENING PLENARY SESSION 


International Ballroom North, Conrad Hilton Hotel 


dedu Forrest H. Adams, M.D., F.A.C.C., Los Angeles, 
alif. 


Presentation of Colors and National Anthem 
Invocation 


Intreductions—C. Frederick Kittle, M.D., F.A.C.C., Chicago, 
ill. (General Chairman, 21st Annual Scien- 
tific Session) 

Dean T. Mason, M.D., F.A.C.C., Davis, Calif. 
(Scientific Program Chairman, 21st Annual 
Scientific Session) 


Past Presidents of the College 


Advances in the Surgical Treatment of Congenital Heart 
Disease—John W. Kirklin, M.D., F.A.C.C., Birmingham, Ala. 


INTERMISSION AND VISIT EXHIBITS 


SUDDEN DEATH 


International Ballroom North, Conrad Hilton Hotel 
Chairman: Sylvan L. Weinberg, M.D., F.A.C.C., Dayton, Ohio 


Sudden Death and Hospitalization Delay in Acute Myo- 
cardial Infarction—Sidney Goldstein, M.D., F.A.C.C., Wil- 
liam Greene, M.D., and Arthur J. Moss, M.D., F.A.C.C., 
Rochester, N.Y. 


Clinical Significance of Ventricular Premature Beats in an 
Outpatient Population—Sidney Alexander, M.D., F.A.C.C., 
Dhiroobhai C. Desai, M.D., and Philip |. Hershberg, M.D., 
Boston, Mass. 


Ineffectiveness of Prophylactic Atropine in Decreasing 
Arrhythmias and Enhancing Survival Following Acute Coro- 
nary Artery Occlusion in Conscious Dogs—Richard B. 
Karsh, M.D., Michael Orlando, Ph.D., Douglas Norman, 
B.S., and Stephen E. Epstein, M.D., Bethesda, Md. 
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11:15 


11:30 


11:45 


Treatment of Ventricular Arrhythmias Occurring During 
Acute Coronary Artery Occlusion in Conscious Dogs— 
G. David Beiser, M.D., Douglas R. Rosing, M.D., James V, 
Talano, M.D., Richard B. Karsh, M.D., Martin H. Miller, 
B.S.E.E., and Stephen E. Epstein, M.D., Bethesda, Md. 


Prevention of Primary Ventricular Fibrillation in Acute 
Myocardial Infarction—Milford G. Wyman, M.D., F.A.C.C., 
San Pedro, Calif. 


Sudden Unexpected Death From Coronary Heart Disease: 
Relationship of Specific Risk Factors and Pathological 
Findings—Jack L. Titus, M.D., Herbert A. Oxman, M.D., 
Fred T. Nobrega, M.D., and Daniel C. Connolly, M.D., 
F.A.C.C., Rochester, Minn. 


CARDIOVASCULAR PHARMACOLOGY 


A.M. 
10:30 


10:45 


11:00 


11:15 


11:30 


11:45 


A.M. 
10:30 


10:45 


11:00 


"ASQ 


Grand Ballroom, Conrad Hilton Hotel 
Chairman: B. L. Martz, M.D., F.A.C.C., Indianapolis, Ind. 


Pharmacokinetics of Intramuscularly Administered Lido- 
caine—Martin Sanders, M.D., Arthur H. Hayes, Jr., M.D., 
and Thomas Killip, M.D., F.A.C.C., New York, N.Y. 


Comparative Hemodynamic Effects of Procainamide and 
Lidocaine in Patients with Acute Myocardial Infarction— 
Richard R. Miller, M.D., James Lies, M.D., G. Hilliard, 
M.D., Rashid A. Massumi, M.D., F.A.C.C., Robert F. Zelis, 
M.D., F.A.C.C., Dean T. Mason, M.D., F.A.C.C., and Ezra A. 
Amsterdam, M.D., F.A.C.C., Davis, Calif. 


The Effects of Lidocaine on Refractory Periods in Man— 
Mark E. Josephson, M.D., Anthony R. Caracta, M.D., John 
J. Gallagher, M.D., Sun H. Lau, M.D., and Anthony N. 
Damato, M.D., Staten Island, N.Y. 


The Effect of Glucagon on the Ventricular Response in 
Atrial Fibrillation—A Possible Hazard—Charles L. Curry, 
M.D., Joseph E. Hinds, M.D., Ph.D., and Edward W. Haw- 
thorne, M.D., Ph.D., F.A.C.C., Washington, D.C. 


Effects of Acetylcholine on His-Purkinje Automaticity and 
Conduction—John C. Bailey, M.D., Kalman Greenspan, 
Ph.D., F.A.C.C., Marcelo V. Elizari, M.D., Gary J. Ander- 
son, M.D., John A. Giddings, M.D., and Charles Fisch, 
M.D., F.A.C.C., Indianpolis, !nd. 


Potassium and Accelerated Purkinje Conduction—Gary J. 
Anderson, M.D., Kalman Greenspan, Ph.D., F.A.C.C., John 
C. Bailey, M.D., and Charles Fisch, M.D., F.A.C.C., Indi- 
anapolis, Ind. 


ELECTROPHYSIOLOGY 


Continental Room, Conrad Hilton Hotel 
Chairman: ^ acisi Bigger, Jr., M.D., F.A.C.C., New York, 


Protective Zone for Ventricular Fibrillation—Marshall 
Wolf, M.D., Edwards Seroppian, M.D., F.A.C.C., Bernard 
Lown, M.D., F.A.C.C., John Temte, M.D., Ph.D., Arthur 
Garfein, M.S.E.E., and R. Verrier, Ph.D., Boston, Mass. 


Electrophysiological Correlates of Aberrancy in Diseased 
Hearts—Donald H. Singer, M.D., F.A.C.C., Robert E. 
d" Eick, Ph.D., and Ramalingaier Parameswaran, Chicago, 


Supernormality in the Human Heart—Rashid A. Massumi, 
M.D., F.A.C.C., Ezra A. Amsterdam, M.D., F.A.C.C., Z. Vera 


11:15 


11:30 


11:45 


A.M. 
10:30 


10:45 


11:00 


11:15 


11:30 


11:45 


A.M. 


M.D., Richard R. Miller, M.D., Antone F. Salel, M.D., Gungor 
E. Ertem, M.D., F.A.C.C., and Dean T. Mason, M.D., F.A.C.5., 
Davis, Calif. 


The Mechanism ef Activation of the Canine Endocardium— 
Robert J. Myerburg, M.D., Kristina Nilsson, and Henry 
Gelband, M.D., Miami, Fla. ° 


The Normal Blood supply to the His Bundle and Proximal 

Bundle and Proximal Bundle Branches—Richard J. Frink, 

rg and Thomes N. James, M.D., F.A.C.C., Birmingham, 
a. 


Bundle of His Electrograms: Fact or “artiFACT’—£. Nell 
Moore, D.V.M., Fh.D., F.A.C.C., J. F. Spear, Ph.D., and J. 
Melbin, V.M.D., Ph.D., Philadelphia, Pa. 


CONGENITAL HEART DISEASE 


Internationa! Ballroom South, Conrad Hilton Hotel 
Chairman: Yong J. Moss, M.D., F.A.C.C., Los Angeles, 
alif. 


Spontaneous Closure of Small Ventricular Defects. Prob- 
ability Rates in the First Five Years of Life—Bruce Alpert, 
B.A., and Richard D. Rowe, M.D., Baltimore, Md. 


Diminution and Closure of Large Ventricular Septal De- 
fects After Pulmonary Artery Banding—Zoltan G. Mesko, 
M.D., Jimmy E. Jones, M.D., and Alexander S. Nadas. M.D., 
Boston, Mass. 


Thirty-two Cases of Interventricular Septal Defect in 
Aortic Insufficiency: Clinical, Hemodynamic and Surgical 
Features—Stephen P. Glasser, M.D., Melvin D. Cheitlin, 
M.D., F.A.C.C., Richard J. McCarty, M.D., F.A.C.C., John H. 
Haas, M.D., Robert J. Hall, M.D., F.A.C.C., and Charles E. 
Mullins, M.D., Washington, D.C., San Francisco, Calif., El 
Paso, Tex., and Tacoma, Wash. 


Syndrome of Ventricular Septal Defect with Aortic Insuffi- 
ciency—Lucy F. Parisi, M.D., Alys M. Holden, M.D., Wil- 
a i Plauth, M.D., and Alexander S. Nadas, M.D., Bos- 
on, Mass. 


Scimitar Syndrome with Anatomic Variations—Mehdy 
Behdad, M.D.. and Gordon M. Folger, Jr., M.D., F.A.C.C., 
Augusta, Ga. 


The Association of Vascular Ring and Unusual Facial 
Appearance—Kim o Yashiro, M.D., Mitsuru Osano, M.D., 
Tadao Oikawa, M.D., Atsutoshi Tsuji, M.D., Toru Ota, M.D., 
and Kazuaki Kato, M.D., Tokyo, Japan 


SELF-ASSESSMENT CLASSROOM 


Bel Air Room, Conrad Hilton Hotel 


9:00 to 5:00 p.m. 


The 1972 Self-Assessment classroom will focus on the 
Clinical Interpretation of Electrocardiograms. Primary 
emphasis will be placed on mechanisms of arrhythmias 
and QRS abnormelities. The correct answer will be given 
after each question. The answer sheets will be collected— 
anonymously—and an overall distribution of answers (and 
the correct answer) will be determined. This will permit 
the physician-learner to compare his responses to those 
of others. Selected questions will be discussed leter in 
the ACCESS audio journal. 
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P.M. 


. LUNCHEON PANELS 


Conrad Hilton and Sheraton Blackstone Hotels 


12:00 to 1:30 


e 1. 


> 


c 


‘y 


oo 


New Concepts in Catheterization Techniques of Children 
and Neonates 


cer Aa J. Moss, M.D., F.A.C.C., Los Angeles, 
alif. 


Rene A. Arcilla, M.D., F.A.C.C., Chicago, IIl. 


Herbert D. Ruttenberg, M.D., F.A.C.C., Salt Lake City, Utah 
Masato Takahashi, M.D., F.A.C.C., Los Angeles, Calif. 


. The Surgical Therapy of Cardiogenic Shock—When to 


Intervene? 
Chairman—Elliot Rapaport, M.D., San Francisco, Calif. 


Ezra A. Amsterdam, M.D., F.A.C.C., Davis, Calif. 
Mortimer Buckley, M.D., Boston, Mass. 
William W. Parmley, M.D., F.A.C.C., Encino, Calif. 


. The Management of Aneurysms (Dissecting and Otherwise) 


Chairman—C. Frederick Kittle, M.D., F.A.C.C., Chicago, Ill. 


Arthur C. Beall, Jr., M.D., F.A.C.C., Houston, Tex. 
Roger F. Palmer, M.D., Encino, Calif. 
Myron W. Wheat, Jr., M.D., F.A.C.C., Gainesville, Fla. 


. Critical Evaluation of Invasive Techniques in the CCU 


Chairman. J. C. Swan, M.D., F.A.C.C., Los Angeles, Calif. 


Peter L. Frommer, M.D., F.A.C.C., Bethesda, Md. 
Bernard Lown, M.D., F.A.C.C., Boston, Mass. 
Max Harry Weil, M.D., F.A.C.C., Los Angeles, Calif. 


. Atypical Angina (Angina with Normal Coronary Arterio- 


grams) 
Chairman—William Likoff, M.D., F.A.C.C., Philadelphia, Pa. 


D. Luke Glancy, M.D., F.A.C.C., Bethesda, Md. 
Harvey G. Kemp, Jr., M.D., F.A.C.C., New York, N.Y. 
F. Mason Sones, Jr., M.D., F.A.C.C., Cleveland, Ohio 


. Office Evaluation of Ventricular Function by Sequential 


Graphic Techniques 


^ ee tran M. Weissler, M.D., F.A.C.C., Detroit, 
ich. 


Ernest Craige, M.D., F.A.C.C., Chapel Hill, N.C. 
Harvey Feigenbaum, M.D., F.A.C.C., Indianapolis, Ind. 
Willard S. Harris, M.D., Chicago, III. 


. The Spectrum of Newer Antiarrhythmic Agents 


Chairman—Leonard S. Dreifus, M.D., F.A.C.C., Philadel- 
phia, Pa. 

Marvin |. Dunn, M.D., F.A.C.C., Kansas City, Kan. 

Robert J. Luchi, M.D., F.A.C.C., lowa City, lowa 

Park W. Willis, Ill, M.D., F.A.C.C., Ann Arbor, Mich. 


. Medical vs. Surgical Therapy of Secondary Forms of 


Hypertension 


Chairman—Roger B. Hickler, M.D., F.A.C.C., Worcester, 
Mass. 


Harriet P. Dustan, M.D., Cleveland, Ohio 


Edward D. Frolich, M.D., F.A.C.C., Oklahoma City, Okla. 
Gaddo Onesti, M.D., Philadelphia, Pa. 
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9. Alcohol and the Heart 


1:30 


P.M. 
2:00 


2:15 


2:30 


2:45 


3:00 


3:15 


3:30 


4:00 


4:15 


4:30 


4:45 


5:30 


ee E. Burch, M.D., F.A.C.C., New Orleans, 
a. 


Jere H. Mitchell, M.D., F.A.C.C., Dallas, Tex. 
Timothy J. Regan, M.D., Newark, N.J. 
David H. Spodick, M.D., F.A.C.C., Boston, Mass. 


VISIT EXHIBITS 


SURGERY AND CORONARY 
ARTERY DISEASE 


International Ballroom North, Conrad Hilton Hote! 


W. Gerald Austen, M.D., F.A.C.C., Boston, 
Mass. 


Co-Chairman: E Frederick Kittle, M.D., F.A.C.C., Chicago, 


Chairman: 


The Medical Assessment of the Coronary Artery Patient: 
Who Should Have Arteriography?—Henry D. Mcintosh, 
M.D., F.A.C.C., Houston, Tex. 


Cardiac Catheterization and Angiographic Diagnosis—The 
Sones Technique—F. Mason Sones, Jr, M.D., F.A.C.C., 
Cleveland, Ohio 


Cardiac Catheterization and Angiographic Diagnosis—The 
Judkins Technique—Melvin P. Judkins, M.D., F.A.C.C., 
Loma Linda, Calif. 


Selection of Patients for Surgery—Richard S. Ross, M.D., 
F.A.C.C., Baltimore, Md. 


Coronary Artery Surgery and the Treatment of Angina— 
W. Dudley Johnson, M.D., Milwaukee, Wis. 


Coronary Artery Surgery and the Treatment of Congestive 
Heart Failure—Eldred D. Mundth, M.D., Boston, Mass. 


INTERMISSION AND VISIT EXHIBITS 


Coronary Artery Surgery for Impending or Actual Acute 
Myocardial Infarction—Roque Pifarre, M.D., Hines, Ill. 


Surgery for the Mechnical Complications of Myocardial 
Infarction—Mitral Valve Surgery, Repair of Ventricular 
Septal Defects, and Infarctectomy—Jerome H. Kay, M.D., 
F.A.C.C., Los Angeles, Calif. 


The Late Results in Coronary Artery Surgery—John C. 
Manley, M.D., F.A.C.C., Milwaukee, Wis. 


Panel Discussion—Drs. Johnson, Judkins, Kay, Mcintosh, 
Manley, Mundth, Pifarre, Ross and Sones; Dr. Austen, 
moderator. 


Adjourn 


CORE CURRICULUM IN 
CLINICAL CARDIOLOGY 


Grand Ballroom, Conrad Hilton Hotel 


The purpose of the Core Curriculum in Clinical Cardiology 
is to present up-to-date information which has contrib- 
uted to our understanding of pathophysiology, diagnosis 
and management of patients with heart disease. With 
this in mind the individual papers will avoid specific ex- 
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perimental designs or data, except when important to 
the over-all broad, "synthesizing" summary of the pres- 
ently available information. 


Chairman: William Likoff, M.D., F.A.C.C., Philadelphia, Pa. 
CARDIAC FUNCTION AND MECHANISMS 


P.M. 
2:00 Cardiac Pathology and the Clinical Cardiologist—William 
C. Roberts, M.D., F.A.C.C., Bethesda, Md. 
2:45 Autonomic Nervous System and the Circulation—Dean T. 
Mason, M.D., F.A.C.C., Davis, Calif. 
3:30 INTERMISSION AND VISIT EXHIBITS 
4:00  Electrophysiology of Arrhythmias—Charles Fisch, M.D., 
F.A.C.C., Indianapolis, Ind. 
4:45 The Heart as a Pump—Harold T. Dodge, M.D., F.A.C.C., 
Seattle, Wash. 
CLINICAL CONVERSATIONS 
WITH THE MASTER TEACHERS 
Attendance is limited to fifteen physicians per teacher 
and admission is by ticket only. Tickets will be available 
at the ACC registration area in the Conrad Hilton Hotel 
beginning at 5:00 p.m. on Tuesday, February 29. 
Parlors 534, 545, 546, 547, Conrad Hilton Hotel 
P.M. 
2:00-3:00—Group | 


4:00-5:00—Group |! 


P.M. 
2:00 


2:15 


2:30 


2:45 
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Master Teachers: William B. Abrams, M.D., F.A.C.C., New 
York, N.Y. 
Alberto Benchimol, M.D., F.A.C.C., Phoe- 
nix, Ariz. 
Jesse E. Edwards, M.D., F.A.C.C., St. Paul, 
Minn. 
Charles K. Friedberg, M.D., F.A.C.C., New 

ork, N.Y. 


CONGENITAL HEART DISEASE 


Continental Room, Conrad Hilton Hotel 
Chairman: Samuel Kaplan, M.D., F.A.C.C., Cincinnati, Ohio 


New England Regional Infant Cardiac Program— Donald 
C. Fyler, M.D., Lucy F. Parisi, M.D., Norman S. Talner, 
M.D., F.A.C.C., New Haven, Conn. 


The Diagnosis of Aortic Atresia by Echocardiography— 
Richard A. Meyer, M.D., David C. Schwartz, M.D., F.A.C.C., 
and Samuel Kaplan, M.D., F.A.C.C., Cincinnati, Ohio 


The Transition from Double Outlet Right Ventricle to 
Complete Transposition-Pathologic Study—D. A. Goor, 
M.D., and Jesse E. Edwards, M.D., F.A.C.C., St. Paul, Minn. 


Factors Influencing Intercirculatory Mixing in Complete 
Transposition of the Great Arteries—Douglas D. Mair, 
M.D., Donald G. Ritter, M.D., F.A.C.C., Rochester, Minn. 


3:00 


3:15 


3:30 


4:00 


4:15 


4:30 


4:45 


9:00 


9:15 


P.M. 
2:00 


2:45 


3:30 
4:00 


4:45 


9:30 


Dysrhythmias and Conduction Defects with Pathological 
Study of the Sino-Atrial Node after Mustard's Operation 
for Transposition of the Great Arteries—Galal El-Said, 
M.D., Harvey S. Rosenberg, M.D., Charles E. Mullins, M.D., 
Grady L. Hallman, M.D., F.A.C.C., Denton A. Cooley, M.D., 
e. and Dan G. McNamara, M.D., F.A.C.C., Houston, 
ex. " 


Congenital Polyvalvular Disease—Saroja Bharati, M.D., 
and Maurice Lev, M.D., F.A.C.C., Chicago, III. 


INTERMISSION AND VISIT EXHIBITS 


Chairman: Dan G. McNamara, M.D., F.A.C.C., Houston, Tex. 


Late Systolic Mitral Regurgitatior in Children—David C. 
Schwartz, M.D., F.A.C.C., Samuel Kaplan, M.D., F.A.C.C., 
and Richard A. Meyer, M.D., Cincinnati, Ohio 


Systolic Intervals in Children with Normal and Diseased 
Hearts—Masato Takahashi, M.D., F.A.C.C., and David L. 
Moritz, B.S., Los Angeles, Calif. 


Mechanism of Cardiac Failure in Experimental Patent 
Ductus Arteriosus—William R. Vincent, M.D., James R. 
Sakamoto, B.S., and Gerald D. Buckberg, M.D., Los 
Angeles, Calif. 


The Effect of Variation in Arterial Oxygen Tension on 
Fetal Circulation—Bijan Siassi, M.D., Irwin Tessler, M.D., 
Paul Y. K. Wu, M.D., Houchang Mcdanlou, M.D., and Ray- 
mond Li, M.D., Los Angeles, Calif. 


Defective Platelet Aggregation in Congenital Heart Dis- 
ease—Harold M. Maurer, M.D., Carolyn M. McCue, M.D., 
F.A.C.C., J. Caul, B.S., and William J. S. Still, M.D., Rich- 
mond, Va. 


The Collateral Venous Circulation after Glenn Anastomo- 
sis—Robert B. Karp, M.D., Benigno Soto, M.D., F.A.C.C., 
Lionel M. Bargeron, M.D., F.A.C.C., and Alberto Barcia, 
M.D., F.A.C.C., Birmingham, Ala. 


CARDIAC MUSCLE SOCIETY 


Mayfair Room, Sheraton Blackstone Hotel 


Chairman: Edmund H. Sonnenblick, M.D., F.A.C.C., Brook- 
line, Mass. 


Vmax: FACT OR FANCY 


Contractile Activity of Isolated Cardiac Muscle—Dirk L. 
Brutsaert, M.D., Antwerp, Belgium 


Cardiac Mechanics in the Intact Heart: Experimental Ap- 
proaches—John Ross, Jr., M.D., F.A.C.C., San Diego, Calif. 


INTERMISSION AND VISIT EXHIBITS 


Evaluation of Pediatric Heart Disease—R. Curtis Ellison, 
M.D., Boston, Mass. 


Clinical Studies in Heart Disease: Usefulness and Limita- 
tion—Dean T. Mason, M.D., F.A.C.C., Davis, Calif. 


Summary—Edmund H. Sonnenblick, M.D., F.A.C.C., Brook- 
line, Mass. 
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PREMIERE CINE SEMINAR 


International Ballroom South, Conrad Hilton Hotel 


First National Showing of Motion Pictures 
in Cardiovascular Disease 


3:00 to 5:30 


P.M. 


Film titles to be announced 


FIRESIDE PANELS 
Conrad Hilton Hotel 


8:30 to 10:00 


l. 


Understanding Arrhythmias Il: The Contribution of His 
Electrocardiography 


Chairman—Rashid A. Massumi, M.D., F.A.C.C., Davis, Calif. 


Agustin Castellanos, Jr., M.D., F.A.C.C., Miami, Fla. 
Anthony N. Damato, M.D., Staten Island, N.Y. 
Richard Langendorf, M.D., F.A.C.C., Chicago, III. 


. Therapeutic Dilemma II: The Unresponsive PVC 


Chairman—Lawrence S. Cohen, M.D., F.A.C.C., New Haven, 
Conn. 


Keith E. Cohn, M.D., F.A.C.C., San Francisco, Calif. 
Roman W. DeSanctis, M.D., F.A.C.C., Boston, Mass. 
Michael D. Klein, M.D., F.A.C.C., Boston, Mass. 
Stephen M. Wittenberg, M.D., Buffalo, N.Y. 


. Diagnostic Dilemma II: Pulmonary Edema, Embolism or 


Infection 


H ipagi A. Sasahara, M.D., F.A.C.C., Boston, 
ass. 


Daniel Flamm, Jr., M.D., F.A.C.C., Travis AFB, Calif. 
John H. K. Vogel, M.D., F.A.C.C., Santa Barbara, Calif. 
Paul N. Yu, M.D., F.A.C.C., Rochester, N.Y. 


. Auscultation Il: The Difficult Diagnosis 


obs: Proctor Harvey, M.D., F.A.C.C., Washington, 
C. 


F.A.C.C., Phoenix, Ariz. 
A.C.C., Philadelphia, Pa. 
F.A.C.C., 


Alberto Benchimol, M.D à 
| A. Atlanta, Ga. 


M 
Bernard L. Segal, M.D 
Mark E. Silverman, M. 


F. 
D., 


. Management of Cyanotic Congenital Heart Disease 


Chairman—William Rashkind, M.D., Philadelphia, Pa. 


Gerard A. Kaiser, M.D., Miami, Fla. 
Dan G. McNamara, M.D., F.A.C.C., Houston, Tex. 
Milton H. Paul, M.D., F.A.C.C., Chicago, Ill. 


. Basic Biochemical Defects in Congestive Heart Failure 


Chairman—Henry Neal Coleman, M.D., Rochester, Minn. 


Norman R. Alpert, M.D., Burlington, Vt. 
Murray Rabinowitz, M.D., F.A.C.C., Chicago, Ill. 
James Scheuer, M.D., F.A.C.C., Pittsburgh, Pa. 
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. Irreversible Shock: The Pulmonary Splanchnic, Intrarenal 


and Peripheral Circulations 
Chairman—Jay N. Cohn, M.D., F.A.C.C., Washington, D. C. 


Gerald Glick, M.D., Chicago, III. 
Allyn L. Mark, M.D., lowa City, lowa 
Herbert S. Shubin, M.D., F.A.C.C., Los Angeles, Calif. 


. Invasive and Noninvasive Techniques in Evaluating Chronic 


Coronary Artery Disease 
Chairman—Harold T. Dodge, M.D., F.A.C.C., Seattle, Wash. 


J. Michael Criley, M.D., F.A.C.C., Torrance, Calif. 


Melvin P. Judkins, M.D., F.A.C.C., Loma Linda, Calif. 
Robert Kraus, M.D., Beverly Hills, Calif. 
Arnold M. Weissler, M.D., F.A.C.C., Detroit, Mich. 


. The Medical Therapy of Cardiogenic Shock—A Losing 
Battle? 


Chairman—Eliot Corday, M.D., F.A.C.C., Los Angeles, Calif. 


Leslie A. Kuhn, M.D., F.A.C.C., New York, N.Y. 
Charles A. Sanders, M.D., Boston, Mass. 

Max Harry Weil, M.D., F.A.C.C., Los Angeles, Calif. 
John F. Williams, Jr., M.D., F.A.C.C., Galveston, Tex. 


. Are Pacemakers of Value in Acute Myocardial Infarction? 


Chairman—Simon Dack, M.D., F.A.C.C., New York, N.Y. 


L. Julian Haywood, M.D., F.A.C.C., Los Angeles, Calif. 
Philip Samet, M.D., F.A.C.C., Miami Beach, Fla. 
Arthur Selzer, M.D., F.A.C.C., San Francisco, Calif. 


FRIDAY, MARCH 3 


Registration—Lower Lobby, Conrad Hilton Hotel 
PAUL WOOD REMEMBERED 


International Ballroom North, Conrad Hilton Hotel 


Chairmen: E. Grey Dimond, M.D., F.A.C.C., Kansas City, Mo. 
sien Magidson, M.D., F.A.C.C., Los Angeles, 
alif. 


en E Grey Dimond, M.D., F.A.C.C., Kansas City, 
0. 


Paul Wood, His Life & Work—Walter Somerville, M.D., 
London, England 


An Appreciation of Mitral Stenosis 1972—Arthur Selzer, 
M.D., F.A.C.C., San Francisco, Calif. 


Coronary Flow in the Anginal Patient. What Can Be Be- 
lieved?—Maurice McGregor, M.D., F.A.C.C., Montreal, Can. 


INTERMISSION AND VISIT EXHIBITS 


What Happens After Cardiac Infarction?—E. Lawson Mc- 
Donald, M.D., F.A.C.C., London, England 


(Continued in P.M.) 
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Chairman: Eliot Corday, M.D., F.A.C.C., Los Angeles, Calif. 
CARDIAC FUNCTION AND MECHANISMS 


— Death—Bernard Lown, M.D., F.A.C.C., Boston, 
ass. 


Noninvasive Assessment of Cardiac Function—Donald C. 
Harrison, M.D., F.A.C.C., Stanford, Calif. 


INTERMISSION AND VISIT EXHIBITS 


Renal Function and the Cardiologist—Walter M. Kirken- 
dall, M.D., F.A.C.C., lowa City, lowa 


Pulmonary Embolism and Cor Pulmonale—Walter J. Daly, 
M.D., F.A.C.C., Indianapolis, Ind. 


CORONARY ARTERY DISEASE 


Continental Room, Conrad Hilton Hotel 


Chairman: Herman K. Hellerstein, M.D., F.A.C.C., Cleve- 
land, Ohio 


Natural History of Severe Proximal Coronary Disease as 
Defined by Cineaniography. (Two hundred patients, seven 
year follow up).—Carl H. Moberg, M.D., Joel S. Webster, 
M.D., and F. Mason Sones, Jr., M.D., F.A.C.C., Cleveland, 
Ohio 

The Evolution of Coronary Arterial Pathology in Patients 
with Angina Pectoris as Determined hy the Coronary 
Arteriogram—Demetrios Kimbiris, M.D., Peter Lavine, 
M.D., Hans Van den Broek, M.D., Moosa Naimi, M.D., and 
William Likoff, M.D., F.A.C.C., Philadelphia, Pa. 


The Diffuse Nature of Coronary Arterial Atherosclerosis 
in Fatal Acute Myocardial Infarction—William C. Roberts, 
M.D., F.A.C.C., and L. Maximilian Buja, M.D., Bethesda, 
Md. 


Determinants and Functional Significance of the Coronary 
Collateral Circulation in Patients with Coronary Artery 
Disease—Richard R. Miller, M.D., Dean T. Mason, M.D., 
F.A.C.C., Anthone Salel, M.D., Robert F. Zelis, M.D., 
F.A.C.C., Rashid A. Massumi, M.D., F.A.C.C., and Ezra 
Amsterdam, M.D., F.A.C.C., Davis, Calif. 


Long Term Observations in Patients with Angina and 
Normal Coronary Arteriograms—Car! R. Bemiller, M.D., 
C. J. Pepine, M.D., and À. Rogers, M.D., Philadelphia, Pa. 


Detection of the Inaudible Murmur of Coronary Stenosis 
by a Synchronized Sound Averaging Technique—Leonard 
Karpman, M.D., John Cage, Emmanuel Furst, Charles M. 
Hill, Walter E. Berger, M.D., and Keith E. Cohn, M.D., 
F.A.C.C., San Francisco, Calif., and Stanford, Calif. 


INTERMISSION AND VISIT EXHIBITS 


Chairman: ^R W. Oblath, M.D., F.A.C.C., Sherman Oaks, 
alif. 


The Relationship of Anginal Symptoms to Lung Mechanics 
During Myocardial Ischemia—Carl J. Pepine, M.D., and 
Leslie Wiener, M.D., F.A.C.C., Philadelphia, Pa. 


A Study of the Effect of the Argus Computer Svstem on 
Treatment Actions in a Coronary Care Unit—G. Charles 
Oliver, M.D., F.A.C.C., Floyd M. Nolle, M.S., Alan J. Tiefen- 
brunn, A.B., and Kenneth W. Clark, B.S., St. Louis, Mo. 


Salvage of Myocardial Tissue by Coronary Artery Reper- 
fusion Following Acute Coronary Occlusion—Peter R. 


11:15 


11:30 


11:45 


A.M. 
8:30 


8:45 


9:00 


9:15 


9:30 


9:45 


10:00 


Maroko, M.D., William R. Ginks, M.D., Peter Libby, William 
E. Shell, M.D., Burton E. Sobel, M.D., F.A.C.C., and John 
Ross, Jr., M.D., F.A.C.C., La Jolla, Calif. 


Functional Development of the Coronary Collateral Circu- 
lation During Acute Myocardial Infarction in the Con- 
scious Dog—Colin M. Bloor, M.D., F.A.C.C., and Francis 
C. White, B.S., La Jolla, Calif. 5 


Alterations in Renal Vascular Resistance Following Coro- 
nary Artery Occlusion in Dogs—Henry G. Hanley, M.D., 
Albert E. Raizner, M.D., Thomas V. Inglesby, M.D., and 
Newman S. Skinner, Jr., M.D., Atlanta, Ga. 


Occlusive Coronary Disease in the Transplanted Dé. 
nervated Heart: Assessment by Exercise EKG and Coro- 
nary Arteriography—Anthony F. Graham, M.D., John S. 
Schroeder, M.D., and Donald C. Harrison, M.D., F.A.C.C., 
Stanford, Calif. 


ELECTROCARDIOGRAPHY 


Internationa! Ballroom South, Conrad Hilton Hotel 
Chairman: Simon Dack, M.D., F.A.C.C., New York, N.Y. 


Prediction of Acute Changes in Left Atrial Hemodynamics 
from the P Wave—Paul G. Hugenholtz, M.D., F.A.C.C., 
J. Heikkila, M.D., and C. V. Nelson, M.D., Rotterdam, 
Netherlands, and Portland, Maine 


Usefulness of the Electrocardiogram in Assessment of 
Ventricular Performance and Comparison with Coronary 
Arteriography—Richard R. Miller, M.D., J. Bonanno, M.D., 
Rashid A. Massumi, M.D., F.A.C.C., Robert F. Zelis, M.D., 
F.A.C.C., Dean T. Mason, M.D., F.A.C.C., and Ezra A. 
Amsterdam, M.D., F.A.C.C., Davis, Calif. 


Heritable Cardiac Conduction Disease: Left Axis Devia- 
tion, Right Bundle Branch Block, Complete Heart Block 
and Early Death—Stephen F. Schaal, M.D., John F. Seiden- 
Sticker, M.D., Richard M. Goodman, M.D., and Charles F. 
Wooley, M.D., Columbus, Ohio 


Wolf-Parkinson-White Syndrome in the Neonate: Nine 
Cases Including Two With Intrauterine Defects—Rumbha 
V. Bhandhusavee, M.D., Linda R. Walters, M.D., and 
Jacqueline A. Noonan, M.D., F.A.C.C., Lexington, Ky. 


Incidence and Nature of Arrhythmias in the Early Hos- 
pital Post-Coronary Care Unit Phase of Acute Myocardial 
Infarction—L. Vismara, M.D., J. L. Hughes, M.D., J. 
Bonanno, M.D., Rashid A. Massumi, M.D., F.A.C.C., Robert 
F. Zelis, M.D., F.A.C.C., Dean T. Mason, M.D., F.A.C.C., 
and Ezra A. Amsterdam, M.D., F.A.C.C., Davis, Calif. 


Learned Control of Ventricular Rate in Patients with 
Atrial Fibrillation—Eugene R. Bleecker, M.D., and Bernard 
T. Engle, Ph.D., Baltimore, Md. 


INTERMISSION AND VISIT EXHIBITS 


CARDIOVASCULAR PHARMACOLOGY 


A.M. 
10:30 


10:45 


International Ballroom South, Conrad Hilton Hotel 
Chairman: Alfred Soffer, M.D., F.A.C.C., Chicago, III. 


Tritiated Digoxin Uptake by the Normal and Hypertrophied 
Rabbit Myocardium—Marvin L. Murphy, M.D., F.A.C.C., and 
James E. Doherty, M.D., F.A.C.C., Little Rock, Ark. 


The Effects of Quahain and Diphenylhydantoin on Myo- 
cardial Potassium Balance in Man—J. L. McCans, M.D., 
Francis J. Brennan, M.D., Miquiel A. Chiong, M.D., Ph.D., 
John 0. Parker, M.D., F.A.C.C., Kingston, Can. 
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11:00 Correlation of the Antiarrhythmic Effects of Diphenvlhy- 
dantoin with Digoxin-Induced Changes in Myocardial Con- 
tractility, NA---K-- Dependent ATPhase and K+ Efflux— 
Robert E. Goldstein, M.D., Stanley C. Penzotti, Ph.D., 
Karen S. Kuehl, M.D., Kirk H. Prindle, M.D., Clifford A. 
Hall, M.D., Elwood O. Titus, Ph.D., and Stephen E. 
Epstein, M.D., Bethesda, Md. 


11:15 Studies of Cardiac Pharmacology in Intact Animals and 
Isolated Cardiac Tissues—Michael R. Rosen, M.D., Henry 
Gelband, M.D., Vincent P. Butler, Jr., M.D., and Brian F. 
Hoffman, M.D., New York, N.Y. 


11:30 Nitrous Oxide as an Analgesic in Acute Myocardial In- 
farction—Peter L. Thompson, M.B., and Bernard Lown, 
M.D., F.A.C.C., Boston, Mass. 


11:45 Evidence for the Direct Effects of Adrenergic Drugs on 
the Cerebral Vascular Bed—Salvador Lluch, M.D., Charles 
Reimann, M.D., and Gerald Glick, M.D., Chicago, III. 


CLINICAL CONVERSATIONS 
WITH THE MASTER TEACHERS 
Attendance is limited to fifteen physicians per teacher 
and admission is by ticket only. Tickets will be available 


at the ACC registration area in the Conrad Hilton Hotel 
beginning at 5:00 p.m. on Tuesday, February 29, 1972. 


Parlors 534, 545, 546, 547, Conrad Hilton Hotel 


A.M. 

9:00-10:00—Group | 

11:00-12:00—Group Il 

Master Teachers: Eugene Braunwald, M.D., F.A.C.C., San 

Diego, Calif. 
Thomas N. James, M.D., F.A.C.C., Bir- 
mingham, Ala. 
Joseph K. Perloff, M.D., F.A.C.C., Wash- 
ington, D. C. 


Edmund H. Sonnenblick, M.D., F.A.C.C., 
Brookline, Mass. 


SELF-ASSESSMENT CLASSROOM 
Bel Air Room, Conrad Hilton Hotel 
A.M. 
9:00 to 5:00 p.m. 


LUNCHEON PANELS 
Conrad Hilton and Sheraton Blackstone Hotels 


P.M. 
12:00 to 1:30 


1. The Treatment of Endocardial Cushion Defects 
Chairman—Samuel Kaplan, M.D., F.A.C.C., Cincinnati, Ohio 


Mary Allen Engle, M.D., F.A.C.C., New York, N.Y. 
Russell V. Lucas, M.D., Minneapolis, Minn. 
Dwight C. McGoon, M.D., Rochester, Minn. 

Jane Somerville, M.D., London, England 


2. Does the Aorto-Coronary Bypass Graft Alter Prognosis in 
Coronary Artery Disease? 
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1:30 


COLLEGE NEWS 


een ey D. McIntosh, M.D., F.A.C.C., Houston, 
ex. 


Robert L. Reis, M.D., Kansas City, Kan. 
Richard S. Ross, M.D., F.A.C.C., Baltimore, Md. 
Albert Starr, M.D., F.A.C.C., Portland, Ore. 


. Valve Replacement Revisited: When To, What Kind, Prog- 


nosis? 

Chairman—John Ross, Jr., M.D., F.A.C.C., San Diego, Calif. 
William Angell, M.D., San Jose, Calif. 

Nina S. Braunwald, M.D., F.A.C.C., San Diego, Calif. 


J. Donald Hill, M.D., San Francisco, Calif. 
E. Lawson McDonald, M.D., F.A.C.C., London, England 


. The Sensitivity and Specificity of Exercise Electrocardi- 


ography 
Chairman—Herman K. Hellerstein, M.D., F.A.C.C., Cleve- 
land, Ohio 


Samuel M. Fox, Ill, M.D., F.A.C.C., Washington, D.C. 
Paul L. McHenry, M.D., Indianapolis, Ind. 
Albert S. Most, M.D., Providence, R.I. 


. Bedside Techniques in the Evaluation of Coronary Artery 


Disease 
Chairman—J. Willis Hurst, M.D., F.A.C.C., Atlanta, Ga. 


Robert L. Krause, M.D., F.A.C.C., Philadelphia, Pa. 
Gordon A. Ewy, M.D., F.A.C.C., Tuscon, Ariz. 
George C. Griffith, M.D., F.A.C.C., La Canada, Calif. 
Oglesby Paul, M.D., F.A.C.C., Chicago, Ill. 


. Anticoagulant and Antiplatelet Therapy—tndications in 


Venous and Arterial Disease 


CAUSAS OE Selzer, M.D., F.A.C.C., San Francisco, 
alif. 


Clark H. Millikan, M.D., F.A.C.C., Rochester, Minn. 
Walter Somerville, M.D., London, England 
Nanette K. Wenger, M.D., F.A.C.C., Atlanta, Ga. 


. Pacemakers: Theoretical and Practical Considerations in 


Relation to Prognosis 


Chairman—Howard B. Burchell, M.D., F.A.C.C., Minneapo- 
lis, Minn. 


Michael Bilitch, M.D., Los Angeles, Calif. 
Doris J. W. Escher, M.D., F.A.C.C., Scarsdale, N.Y. 
Rashid A. Massumi, M.D., F.A.C.C., Davis, Calif. 


. The Controversy over Beta Adrenergic Receptor Blockade 


Vioc ctio |. Russek, M.D., F.A.C.C., Staten Island, 


Wilbert S. Aronow, M.D., F.A.C.C., Long Beach, Calif. 
Stephen E. Epstein, M.D., Bethesda, Md. 

Donald C. Harrison, M.D., F.A.C.C., Stanford, Calif. 
Steven Wolfson, M.D., New Haven, Conn. 


. Sudden Death—ldentification of and Approach to the Vul- 


nerable Patient 
Chairman— Bernard Lown, M.D., F.A.C.C., Boston, Mass. 


Nemat O. Borhani, M.D., F.A.C.C., Davis, Calif. 
Charles W. Frank, M.D., Bronx, N.Y. 
William B. Kannel, M.D., F.A.C.C., Framingham, Mass. 


VISIT EXHIBITS 


PAUL WOOD REMEMBERED 
(Continued) 


International Ballroom North, Conrad Hilton Hote! 
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P.M. 
2:00 


2:35 


3:05 


3:35 
3:50 


4:20 


4:45 


Chairmen: E. Grey Dimond, M.D., F.A.C.C., Kansas City, Mo. 
ong Magidson, M.D., F.A.C.C., Los Angeles, 


Today's Appreciation of the Eisenmenger-Wood Reaction— 
Jane Somerville, M.D., London, England 


Congestive Heart Failure in Atrial Septal Defect—Mal- 
colm B. Mcllroy, M.D., San Francisco, Calif. 


Late Complications After Correction of Fallot's Tetralogy— 
Samuel Kaplan, M.D., F.A.C.C., Cincinnati, Ohio 


INTERMISSION AND VISIT EXHIBITS 


Coronary Artery Disease—Antidote to a Stereotype— 
Joseph K. Perloff, M.D., F.A.C.C., Washington, D. C. 


Mechanisms of Dyspnea in Heart Disease—D. Hywel 
Davies, M.D., F.A.C.C., Denver, Colo. 


CLOSING REMARKS 


CORE CURRICULUM IN 
CLINICAL CARDIOLOGY 


Grand Ballroom, Conrad Hilton Hotel 
Chairman: ape B. Knoebel, M.D., F.A.C.C., Indianapo- 


BEDSIDE OBSERVATION AND LABORATORY AIDS IN THE 


P.M. 
2:00 


2:45 


3:30 
4:00 


4:45 


DIAGNOSIS AND FUNCTIONAL EVALUATION OF: 


Congenital Heart Disease in the Adult—Noble 0. Fowler, 
M.D., F.A.C.C., Cincinnati, Ohio 


Valvular Heart Disease—Moderator—J. Willis Hurst, M.D., 
F.A.C.C., Atlanta, Ga. 

The Aortic Valve—Robert C. Schlant, M.D., F.A.C.C., At- 
lanta, Ga. 

The Mitral Valve—Mark E. Silverman, M.D., F.A.C.C., At- 
lanta, Ga. 


The Utilization of Drugs and Exercise as an Aid in Eluci- 
a tad Findings—Wayne Siegel, M.D., At- 
anta, Ga. 


INTERMISSION AND VISIT EXHIBITS 


Primary Myocardial Disease—W. Proctor Harvey, M.D., 
F.A.C.C., Washington, D. C. 


Coronary Artery Disease—Charles K. Friedberg, M.D., 
F.A.C.C., New York, N.Y. 


CARDIOVASCULAR PHARMACOLOGY 


P.M. 
2:00 
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International Ballroom South, Conrad Hilton Hotel 
Chairman: die F. Zinsser, M.D., F.A.C.C., Philadelphia, 
a. 


Reduced Subendocardial Blood Flow and Ventricular Con- 
tractile Force Caused by Nitroglycerin—R. Forman, M.D., 


2:15 


2:30 


2:45 


3:00 


3:15 


3:30 


4:00 


4:15 


4:30 


4:45 


5:00 


9:15 


P.M. 
2:00 


E. S. Kirk, Ph.D., J. M. Downey, Ph.D., and Edmund H. 
Sonnenblick, M.D., F.A.C.C., Boston, Mass. 


Failure of Intracoronary Nitroglycerine to Alleviate Pacing- 
Induced Angina—William Ganz, M.D., F.A.C.C., and Harold 
S. Marcus, M.D., Los Angeles, Calif. 


The Beneficial Effects of Nitroglycerin on the Begree of 
Myocardial Ischemia Occurring During Coronary Occlusion 
in the Conscious Dog—David R. Redwood, M.B., Eldon R. 
Smith, M.D., William E. McCarron, M.D., and Stephen E. 
Epstein, M.D., Bethesda, Md. 


Improved Left Ventricular Function During Nitroprussige 
Infusion in Acute Myocardial In*arction—Joseph A. Fran- 
ciosa, M.D., Nabil H. Guiha, M.D., Ernesto Rodriguera, 
M.D., Constantinos Limas, M.D., and Jay N. Cohn, M.D., 
F.A.C.C., Washington, D.C. 


Effects of Propranolol! and L-Norephinephrine in Acute 
Myocardial Infarction in Man—Hiltrud Mueller, M.D., 
F.A.C.C., Stephen M. Ayres, M.D., F.A.C.C., and William 
J. Grace, M.D., F.A.C.C., New York, N.Y. 


Enhancement of Mvocardial Function During Hypoxia by 
Increased Glucose Availability—Ezra A. Amsterdam, M.D., 
F.A.C.C., D. Foley, Rashid A. Massumi, M.D., F.A.C.C., 
Robert F. Zelis, M.D., F.A.C.C., and Dean T. Mason, M.D., 
F.A.C.C., Davis Calif. 


INTERMISSION AND VISIT EXHIBITS 


Chairman: "^^ C. Griffith, M.D., F.A.C.C., La Canada, 
alif. 


Myocardial Glycogen Content and Myocardial Function 
During Anoxia—Robert L. Hewitt, M.D., and David M. 
Lolley, M.D., New Orleans, La. 


Reduction in Experimental Myocardial Infarct Size by 
Glucose-Insulin-Potassium Administration—Peter R. Ma- 
roko, M.D., P. Libby, Burton E. Scbel, M.D., F.A.C.C., Colin 
M. Bloor, M.D., F.A.C.C., Harley D. Sybers, M.D., William 
[S wr ga and Eugene Braumwald, M.D., F.A.C.C., La 
olla, Calif. 


Dopamine in the Treatment of Refractory Cardiogenic 
Shock—Donald C. Harrison, M.D., F.A.C.C., Stanford, Calif. 


Comparison ef the Beta Adrenergic Blocking Properties 
and Negative Inotropic Effects of Oxprenolo! and Pro- 
pranolol in Patients—Yves Choquet, M.D., Robert J. 
Capone, M.D., Dean T. Mason, M.D., F.A.C.C., Ezra A. 
Amsterdam, M.D., F.A.C.C., and Robert F. Zelis, M.D., 
F.A.C.C., Davis, Calif. 


The Unpredictabilitv of the Response of Idiopathic Hvper- 
thropic Subaertic Stenosis Patients to Oral Propranolol 
—MWilliam John Powell, Jr., M.D., Richard B. Whiting, 
M.D. Robert E. Dinsmore, M.D, Charles A. Sanders, 
M.D., Boston, Mass. 


Cardiac Effects of a Cocktail —Lawrence A. Gould, M.D., 
F.A.C.C., Mohammad Zahir, M.D., F.A.C.C., Robert F. Gom- 
precht, M.D., F.A.C.C., and Anthony DeMartino, M.D., 
Bronx, N.Y. 


CARDIOGENIC SHOCK 


Continental Room, Conrad Hi'ton Hotel 
Chairman: y Harry Weil, M.D., F.A.C.C., Los Angeles, 
alif. 


Identification of Clinical Subsets in Cardiogenic Sheck— 
T. A. Don Michael M.D., F.A.C.C, James S. Forrester, 
M.D., H. N. Allen, M.D., and H. J. C. Swan, M.D., Ph.D., 
F.A.C.C., Los Angeles, Calif. 
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2:30 


2:45 


3:00 


3:15 


3:30 


4:00 


4:15 


4:30 


4:45 


5:00 


9:15 


Objective Index of Hemodynamic Status for Quantitation 
of Severity and Prognosis of Shock Complicating Myo- 
cardial Infarction—Protasio Da Luz, M.D., Abdelmonem 
A. Afifi, Ph.D., Vinnie Liu, M.S., S. Herbert Shubin, M.D., 
F.A.C.C., and Max Harry Weil, M.D., Ph.D., F.A.C.C., Los 
Angeles, Calif. 


Electrocardiographic Localization of Injury in Acute Myo- 
cardial Infarction: Relation to Left Ventricular Function 
and Cardiac Pump Failure—J. L. Hughes, M.D., Richard R. 
Miller, M.D., Anthone Salel, M.D., Rashid A. Massumi, 
M.D., F.A.C.C., Robert F. Zelis, M.D., F.A.C.C., Dean T. 
Mason, M.D., F.A.C.C., and Ezra A. Amsterdam, M.D., 
F.A.C.C., Davis, Calif. 


A Method of Quantifying the Need for Surgical Therapy 
in Clinical Myocardial Infarction Shock—John H. Siegel, 
M.D., Edward J. Farrell, B.S., Isaac Lewin, M.D., and 
David Bregman, M.D., New York, N.Y. 


Plasma Volume in Shock Associated with Myocardial In- 
farction—Protasio Da Luz, M.D., S. Herbert Shubin, M.D., 
F.A.C.C., Max Harry Weil, M.D., Ph.D., F.A.C.C., and Leon 
Stein, M.D., Los Angeles, Calif. 


Production of a Myocardial Depressant Factor in Shock 
Following Acute Myocardial Infarction: Preliminary Eval- 
uation of Treatment with Methylprednisolone—Richard S. 
Crampton, M.D., F.A.C.C., S. L. Wangensteen, M.D., W. L. 
Lovett, M.D., J. N. Morris, Jr., B.A., R. H. Harris, M.D., 
R. Weitzmann, M.D., T. M. Glenn, Ph.D., and A. M. Lefer, 
Ph.D., Charlottesville, Va. 


INTERMISSION AND VISIT EXHIBITS 


Chairman: Dwight E. Harken, M.D., F.A.C.C., Boston, Mass. 


Hyperosmolal State Following Cardiac Arrest—Joao A. 
Mattar, M.D., Max Harry Weil, M.D., Ph.D., F.A.C.C., S. 
Herbert Shubin, M.D., F.A.C.C., and Leon Stein, M.D., Los 
Angeles, Calif. 


Medical Versus Surgical Management of Cardiogenic 
Shock—Syed Z. Abbas, M.D, K. R. Shankar, M.D., G. 
de M.D., Y. Akyrekli, M.D., W. J. Keon, M.D., Ottawa, 
an. 


Physiologic Effects of Intra-aortic Balloon Pumping in 
Cardiogenic Shock—Stephen Scheidt, M.D., and Cooperat- 
ing Investigators, Balloon Pump Cooperative Study, Los 
Angeles, Calif, Detroit, Mich., New York, N.Y., and 
Seattle, Wash. 


Hemodynamic Studies with a Permanently Implanted Left 

Ventricular Assist Device—Steve Phillips, Dov Jaron, 

Ph.D., Paul Freed, M.S., George Zorzi, M.D., Alejandro 

at M.D., and Adrian Kantrowitz, M.D., F.A.C.C., Detroit, 
ich. 


The Beneficial Effects of the Combined Use of Vaso- 
constrictors and Intra-Aortic Balloon Counterpulsation in 
the Therapy of Cardiogenic Shock—Mario Feola, M.D., 
oo R. Limet, M.D., and Gerald Glick, M.D., Chicago, 


Twenty-Four Hour Left Ventricular Bypass in the Un- 


anesthetized Dog: A Study Employing Transthoracic Can- 
nulation and a Paracorporeal Roller Pump—S. Kazama, 


M.D., E. H. Lerner, D.V.M., H. Metz, B.S., J. A. Wald- 


hausen, M.D., F.A.C.C., and William S. Pierce, M.D., 


F.A.C.C. Philadelphia, Pa., Hershey, Pa., and Bethesda, Md. 
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CLINICAL CONVERSATIONS 
WITH THE MASTER TEACHERS 
Attendance is limited to fifteen physicians per teacher 
and admission is by ticket only. Tickets will be available 


at the ACC registration area in the Conrad Hilton Hotel 
beginning at 5:00 p.m. on Tuesday, February 29, 1972. 


Parlors 534, 545, 546, 547, Conrad Hilton Hotel 


P.M. 
2:00-3:00—Group | 
4:00-5:00— Group II 
Master Teachers: Leonard S. Dreifus, M.D., F.A.C.C., Nar- 
berth, Pa. 
James J. Leonard, M.D., F.A.C.C., Pitts- 
burgh, Pa. 
Henry D. Mcintosh, M.D., F.A.C.C., Hou- 
ston, Tex. 
H. J. C. Swan, M.D., F.A.C.C, Los Ange- 
les, Calif. 
CINE SEMINAR 
Crystal Room, Sheraton Blackstone Hotel 
P.M. 
3:00 to 5:30 
Film titles to be announced 
YOUNG INVESTIGATORS’ 
AWARDS COMPETITION 
Waldorf Room, Conrad Hilton Hotel 
Chairman: J. A. Abildskov, M.D., F.A.C.C., Salt Lake City, 
Utah 
P.M. 
3:30 to 5:00 
Finalists’ Presentations 
SATURDAY, MARCH 4 
A.M. 


8:00 Registration—Lower Lobby, Conrad Hilton Hotel 


CONTROVERSIES IN CARDIOLOGY 


International Ballrooms North and South, 
Conrad Hilton Hotel 


Chairmen: rl gga S. Cohen, M.D., F.A.C.C., New Haven, 
onn. 


Eliot Corday, M.D., F.A.C.C., Los Angeles, Calif. 


A.M. 


9.00 Is Saphenous Vein Bypass Grafting the Treatment of 
Choice for Impending Myocardial Infarction? 
Proponent: W. Dudley Johnson, M.D., Milwaukee, Wis. 
Tipi George E. Burch, M.D., F.A.C.C., New Orleans, 
a. 
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9:35 


10:10 


10:45 


11:15 


Is Catheterization Necessary in Children Before Operation? 
Proponent: William Rashkind, M.D., Philadelphia, Pa. 
Antagonist: James Dushane, M.D., Rochester, Minn. 


How Effective is Aortic Balloon Pumping in Cardiogenic 
Shock? 


Proponent: Adrian Kantrowitz, M.D., F.A.C.C., Detroit, Mich. 
Antagonist: Samuel Meerbaum, Ph.D., Los Angeles, Calif. 


INTERMISSION AND VISIT EXHIBITS 


Does Maximal Exercise Stress Testing Increase the Sen- 
sitivity in the Detection of Latent Ischemic Heart Disease? 


Proponent—Robert A. Bruce, M.D., F.A.C.C., Seattle, 
Wash. 


Antagonist—Naip Tuna, M.D., Ph.D., F.A.C.C., Minneapo- 
lis, Minn. 


SELF-ASSESSMENT CLASSROOM 


Bel Air Room, Conrad Hilton Hotel 


9:00 to 5:00 p.m. 


CORE CURRICULUM IN 
CLINICAL CARDIOLOGY 
Grand Ballroom, Conrad Hilton Hotel 


Chairman: Leonard S. Dreifus, M.D., F.A.C.C., Narherth, Pa. 
ADVANCES IN THE THERAPY OF: 


8:30 Es durs siae m Surawicz, M.D., F.A.C.C., Lexington, 
y. 


9:00 =the Endocarditis—Edward L. Quinn, M.D., Detroit, 
ch. 


9.30 Coronary Artery Disease (Surgery)—William Likoff, M.D., 


10:00 
10:30 


11:00 


11:30 
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F.A.C.C., Philadelphia, Pa. 
INTERMISSION AND VISIT EXHIBITS 


Pre-Hospital Phase of Myocardial Infarction—Paul N. Yu, 
M.D., F.A.C.C., Rochester, N.Y. 


Acute Myocardial Infarction—H. J. C. Swan, M.D., F.A.C.C., 
Los Angeles, Calif. 


Valvular Disease—Henry D. Mcintosh, M.D., F.A.C.C., 
Houston, Tex. 


CLINICAL CONVERSATIONS 
WITH THE MASTER TEACHERS 
Attendance is limited to fifteen physicians per teacher 
and admission is by ticket only. Tickets will be available 


at the ACC registration area in the Conrad Hilton Hotel 
beginning at 5:00 p.m. on Tuesday, February 29, 1972. 


Parlors 534, 545, 546, 547, Conrad Hilton Hotel 


A.M. 


9:00-10:00—Group | 
11:00-12:00—Group || 


A.M. 
8:30 


8:45 


9:00 


9:15 


9:30 


9:45 


10:00 


10:30 


10:45 


11:00 


Master Teachers: prse Fisch, M.D., F.A.C.C., Indianapo- 
is, Ind. 
William J. Grace, M.D., F.A.CC., New 
York, N.Y. 
Charles A. Hufnagel, 
Washington, D. C. 
William C. Roberts, M.D., F.A.C.C., Be- 
thesda, Md. 


M.D., F.A.C.C., 


VALVULAR DISEASE 


Continental Room, Conrad Hilton Hotel 
Chairman: Henry D. Mcintosh, M.D., F.A.C.C., Houston, Tex. 


On the Mechanism of Diastolic Rumbles—Nicholas J. 
Fortuin, M.D., Emest Craige, M.D., F.A.C.C., Chapel Hill, 
N. C. 


Postural Changes in Left Ventricular and Mitral Valvular 
Dynamics in the Systolic Click—Late Systolic Murmur 
Syndrome—Mary E. Fontana, M.D., Charles F. Wooley, 
M.D., Richard F. Leighton, M.D., F.A.C.C., and Richard P. 
Lewis, M.D., F.A.C.C., Columbus, Ohio 


Angiographic Analvsis of Left Ventricular Performance in 
Patients with Rheumatic Mitral Stenosis—John A. Holzer, 
B.A., Joel S. Karliner, M.D., Robert A. O'Rourke, M.D., 
Kirk L. Peterson, M.D., and Nina S. Braunwald, M.D., 
F.A.C.C., La Jolla, Calif. 


Comparative Mechanisms of Ventricular Dvsfunction in 
Aortic and Mitral Stenosis Associated with Coronary 
Artery Disease—Gregory J. Scampardonis, M.D., Antonio 
G. Hermosillo, M.D., Jaime J. Arriaga, M.D., Demetrios 
Kimbiris, M.D., and Leonard S. Dreifus, M.D., F.A.C.C., 
Philadelphia, Pa. 


Abnormalities of Left Ventricular Contractility in Isolated 
Right Ventricular Overload—Antone Salel, M.D., Dean T. 
Mason, M.D., F.A C.C., Ezra A. Amsterdam, M.D., FA.C.C., 
and Robert F. Zelis, M.D., F.A.C.C., Davis, Calif. 


Hemodynamic Changes Accompanying Exertional Syncope 
in Dogs with Right Ventricular Outflow Obstruction— 
Robert E. Goldstein, M.D., Allen A. Nimetz, M.D., Joseph 
ee D.V.M., and Stephen E. Epstein, M.D., Bethesda, 


INTERMISSION AND VISIT EXHIBITS 


Chairman: John Ross, Jr., M.D., F.A.C.C., San Diego, Calif. 


Healed Valvular Infective Endocarditis—Neil A. Buch- 
binder, M.D., Andrew G. Morrow, M.D., F.A.C.C., and 


William C. Roberts, M.D., F.A.C.C., Bethesda, Md. 

Papillary Muscle Necrosis in Active Valvular Infective 
Endocarditis—William C. Roberts, M.D., F.A.C.C, and 
Neil A. Buchbinder, M.D., Bethesda, Md. 


Ten Year Experience with Isolated Starr-Edwards Mitral 
Valve Replacement—Herbert A. Oxman, M.D., Daniel C. 
Connolly, M.D., F.A.C.C., Dwight C. McGoon, M.D., Robert 
B. Wallace, M.D., Gordon K. Danielson, M.D., F.A.C.C., 
and James R. Pluth, M.D., Rochester, Minn. 
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SATURDAY (continued) 


11:15 


11:30 


11:45 


P.M. 


Anatomic Studies on Cloth-Covered Starr-Edwards Pros- 
thetic Valves Implanted for Longer than Two Months— 
William C. Roberts, M.D., F.A.C.C., Robert L. Reis, M.D., 
Victor J. Ferrans, M.D., and Andrew G. Morrow, M.D., 
f A.C.C., Bethesda, Md. 


An Improved Mitral Valve Prosthesis—Arthur C. Beall, 
Jr, M.D., F.A.C.C., George C. Morris, Jr, M.D., F.A.C.C., 
George P. Noon, M.D., F.A.C.C., George J. Reul, Jr., M.D., 
and Gene A. Guinn, M.D., Houston, Tex. 


Structural Alterations in Tissue Cardiac Valves Implanted 
in Humans and Cows—John W. Yarbrough, M.D., William 
C. Roberts, M.D., F.A.C.C., Jefferson F. Hollingsworth, 
M.D., David Melvin, M.D., David M. Conkle, M.D., and 
Robert L. Reis, M.D., Bethesda, Md. 


LUNCHEON PANELS 


Conrad Hilton and Sheraton Blackstone Hotels 


12:00 to 1:30 


ki 


= 


Management of Congenital Aortic Stenosis 
Chairman—Julien |. E. Hoffman, M.D., San Francisco, Calif. 
William Bernhardt, M.D., Boston, Mass. 


William F. Friedman, M.D., F.A.C.C., San Diego, Calif. 
William C. Roberts, M.D., F.A.C.C., Bethesda, Md. 


a Terminal Cardiac Patient—Transplant, Artificial Heart 
CEL: 


hee K. Friedberg, M.D., F.A.C.C., New York, 


Denton A. Cooley, M.D., F.A.C.C., Houston, Tex. 

John F. Goodwin, M.D., F.A.C.C., London, England 
Charles A. Hufnagel, M.D., F.A.C.C., Washington, D.C. 
Adrian Kantrowitz, M.D., F.A.C.C., Detroit, Mich. 


. Recognition and Management of Pulmonary Embolic Dis- 


ease 
Chairman—Myron Stein, M.D., Pawtucket, R.I. 
Paul A. Ebert, M.D., F.A.C.C., New York, N.Y. 


J. Hirsh, M.D., Hamilton, Ont., Can. 
Paul M. Stevens, M.D., Houston, Tex. 


The Clinical Quantification of Myocardial Infarction 
Chairman—Louis Cohen, M.D., F.A.C.C., Chicago, Ill. 


Heinz Bauer, M.D., Washington, D.C. 

Eugene L. Coodley, M.D., F.A.C.C., Philadelphia, Pa. 
S. Herbert Shubin, M.D., F.A.C.C., Los Angeles, Calif. 
Burton E. Sobel, M.D., F.A.C.C., San Diego, Calif. 


. The Intermediate Coronary Care Unit 


Chairman—William J. Grace, M.D., F.A.C.C., New York, N.Y. 


James E. Crockett, M.D., F.A.C.C., Kansas City, Mo. 
Alfred Soffer, M.D., F.A.C.C., Chicago, Ill. 
Sylvan L. Weinberg, M.D., F.A.C.C., Dayton, Ohio 


. Indications for and Hazards of Coronary Arteriography 


Chairman—Robert C. Schlant, M.D., F.A.C.C., Atlanta, Ga. 


Henry LeRoy Abrams, M.D., Boston, Mass. 
Goffredo G. Gensini, M.D., F.A.C.C., Syracuse, N.Y. 
Charles B. Mullins, M.D., Dallas, Tex. 


. New Diuretics—Boon or Bane? 


daca au: N. Brest, M.D., F.A.C.C., Philadelphia, 
a. 


Frank A. Finnerty, Jr., M.D., F.A.C.C., Washington, D.C. 
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Melvin M. Scheinnan, M.D., F.A.C.C., Burlington, Calif. 
Robert H. Seller, M.D., F.A.C.C., Rydal, Pa. 


8. The Primary Prophylaxis of Coronary Artery Disease 


Chairman—Robert F. Zelis, M.D., F.A.C.C., Davis, Calif. 


Aram V. Chobanian, M.D., Boston, Mass. 
William B. Kannel, M.D., F.A.C.C., Framingham, Mass. 
Jeremiah Stamler, M.D., F.A.C.C., Chicago, Ill. 


. Current Status of Fascicular Block 


Chairman— Charles Fisch, M.D., F.A.C.C., Indianapolis, Ind. 


Cesar Castillo, M.D., Miami, Fla. 
George K. Massing, M.D., Birmingham, Ala. 
Kenneth M. Rosen, M.D., F.A.C.C., Chicago, III. 


1:30 VISIT EXHIBITS 
BUSINESS MEETING OF 
THE COLLEGE 
International Ballroom North, Conrad Hilton Hotel 
Chairman: Forrest H. Adams, M.D., F.A.C.C., President of 
the College, Los Angeles, Calif. 

P.M. 

1:45 to 2:00 
The Annual Business Meeting for the transaction of nec- 
essary College business will begin promptly at 1:45 p.m. 
All Fellows of the College have an obligation to attend, 
to hear the report of the President and Secretary of the 
College, and to take part in the election of officers and 
trustees. 
International Ballroom North, Conrad Hilton Hotel 
Chairman: William A. Sodeman, M.D., F.A.C.C., Philadel- 

phia, Pa. 

P.M. 

2:00 THIRD ANNUAL LOUIS F. BISHOP LECTURESHIP 
Cardiomyopathies: Spectrum and Current Understanding— 
John F. Goodwin, M.D., F.A.C.C., London, England 

PROGRESS REPORTS—1972 

International Ballroom North, Conrad Hilton Hotel 
Chairman: Dean T. Mason, M.D., F.A.C.C., Davis, Calif. 


P.M. 
2:30 


2:50 


3:10 


3:30 
4:00 


Co-Chairman: Harold T. Dodge, M.D., F.A.C.C., Seattle, 
Wash. 


Problem-Oriented Medical Records: Concepts and Ad- 
vances—J. Willis Hurst, M.D., F.A.C.C., Atlanta, Ga. 


Trends and Developments in NHLI Research and Training 
^ RW M Cooper, M.D., F.A.C.C., Bethesda, 


Advances in the Prevention of Coronary Artery Disease— 
William B. Kannel, M.D., F.A.C.C., Framingham, Mass. 
INTERMISSION AND VISIT EXHIBITS 


Regulation of the Pulmonary Circulation—Alfred P. Fish- 
man, M.D., F.A.C.C., Philadelphia, Pa. 
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4:20 Peripheral Circulatory Compensatory Mechanisms in Con- 
eri M Failure—Robert F. Zelis, M.D., F.A.C.C., 
avis, Calif. 


4:40 Symptomatic Heart Disease in the Newborn—Julian |. E. 
Hoffman, M.D., San Francisco, Calif. 


5:00 Adjourn 


ACUTE MYOCARDIAL INFARCTION 


Continental Room, Conrad Hilton Hotel 
Chairman: H. J. C. Swan, M.D., F.A.C.C., Los Angeles, Calif. 


P.M. 


2:00 Noninvasive Determination of Infarct Size Five Hours 
after Coronary Occlusion in the Conscious Dog—wWilliam 
E. Shell, M.D., Burton E. Sobel, M.D., F.A.C.C., James W. 
Covell, M.D., and John F. Lavelle, M.S., La Jolla, Calif. 


2:15 Myocardial Infarct Size in Man Assessed hy Serial Serum 
Creatine Phosphokinase Changes— Gerald F. Breshnahan, 
M.D., William E. Shell, M.D., Burton E. Sobel, M.D., 
F.A.C.C., and Richard D. Yoder, M.D., La Jolla, Calif. 


2:30 Is Coronary Sinus Monitoring in Acute Myocardial In- 
farction Useful? (Studies in 25 Patients) —Hiltrud Mueller, 
M.D., F.A.C.C., Stephen M. Ayres, M.D., F.A.C.C., James T. 
og M.D., and William J. Grace, M.D., F.A.C.C., New 
York, N.Y. 


2:15 Acute Myocardial Infarction: Myocardial Perfusion and 
Metabolism—James Forrester, M.D., George Diamond, 
M.D., William Ganz, M.D., F.A.C.C., and H. J. C. Swan, 
M.D., Ph.D., F.A.C.C., Los Angeles, Calif. 


3:00 Electrical Impedance Cardiogram: Measurements from 
Hearts with Acute Injury—Bernard G. Krohn, M.D., 
F.A.C.C., David A. Swan, M.D., F.A.C.C., Jerome H. Kay, 
M.D., F.A.C.C., and Oscar Magidson, M.D., F.A.C.C., Los 
Angeles, Calif. 


3:15 Left Ventricular Function and Coronarv Anatomy Before 
and After Myocardial Infarction—Douglas K. Stewart, 
M.D., Glen W. Hamilton, M.D., John A. Murray, M.D., 
F.A.C.C., and J. W. Kennedy, M.D., Seattle, Wash. 


3:30 INTERMISSION AND VISIT EXHIBITS 
Chairman: William J. Grace, M.D., F.A.C.C., New York, N.Y. 


4:00 Regional Left Ventricular Performance in the Year Fol- 
lowing Myocardial Infarction—Bolling J. Feild, M.D., 
Richard 0. Russell, Jr., M.D., F.A.C.C., and Charles E. 
Rackley, M.D., F.A.C.C., Birmingham, Ala. 


4:15 Hemodynamic Changes One Year After Acute Myocardial 
Infarction—Robert M. Davidson, M.D., Galen S. Wagner, 
M.D., Thomas L. Haney, Barry W. Ramo, M.D., Robert E. 
Whalen, M.D., F.A.C.C., and Andrew G. Wallace, M.D., 
Durham, N.C. 


4:30 Heart Size and Left Ventricular Function in the Year 
Following Myocardial Infarction—Richard O. Russell, Jr., 
M.D., F.A.C.C., Bolling J. Feild, M.D., and Charles E. 
Rackley, M.D., F.A.C.C., Birmingham, Ala. 


4:45 Results of Early Surgical Repair of Ventricular Septal 
Defects Following Myocardial Infarction—Anthony F. 
Graham, M.D., Norman E. Shumway, M.D., F.A.C.C., and 
Donald C. Harrison, M.D., F.A.C.C., Stanford, Calif. 
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P.M. 


CINE SEMINAR 


Crystal Ballroom, Sheraton Blackstone Hotel 


3:00 to 5:00 


P.M. 
2:00 


2:15 


2:30 


2:45 


3:00 


3:30 


4:00 


4:15 


4:30 


Film titles to be announced 


ELECTROPHYSIOLOGY 


International Ballroom South, Conrad Hilton Hotel 
Chairman: Borys Surawicz, M.D., F.A.C.C., Lexington, Ky. 


Refractoriness of the Accessory Pathway and Mechanisms 
of Reentry in the W-P-W Phenomenon—Sun H. Lau, M.D., 
Mark E. Josephson, M.D., John J. Gallagher, M.D., Anthony 
R. Caracta, P. Jacob Varghese, M.D., and Anthony N. 
Damato, M.D., Staten Island, N.Y. 


A Study of the Ventricular Activation Process in Pre- 
excitation Syndrome using His Bundle and 1 mm Apart 
Bipolar Electrograms—Cesar A. Castillo, M.D., Agustin 
Castellanos, Jr., M.D., F.A.C.C., Robert J. Myerburg, M.D., 
and Abdul S. Agha, M.D., Miami, Fla. 


Second Degree Wenckebach Type A-V Block Due to Block 
Within the Atrium—Onkar S. Narula, M.D., Manfred 
Runge, M.D., and Philip Samet, M.D., F.A.C.C., Miami 
Beach, Fla. 


Pseudo Type Il A-V Block—P. Jacob Varghese. M.D., 
Anthony N. Damato, M.D., Robert N. Schnitzler, M.D., John 
AB ie dome V.D., and Sun H. Lau, M.D., Staten Island, 


Summation and Voltage Dependency in Rabbit A-V Nedal 

Fibers—Douglas P. Zipes, M.D., Car'os Mendez, M.D., and 

pica T Moe, M.D. Ph.D., Indianapolis, Ind., and 
tica, N.Y. 


Dependence of A-V Junctional Automaticity on Sympa- 
thetic Tone—Kzy Millar, M.D., F. Urthaler, M.D., Mary J. 
Burgess, M.D., J. A. Abildskov, M.D, F.A.C.C., and 
Thomas N. James, M.D., F.A.C.C., Birmingham, Ala. 


INTERMISSION AND VISIT EXHIBITS 


Chairman: MM Benchimol, M.D, F.A.C.C., Phoenix, 
riz. 


Manifest and Concealed Reentry: A Mechanism of A-V 
Nodal Wenckebach in Man—John J. Gallagher, M.D., 
Anthony N. Damato, M.D., P. Jacob Varghese, M.D., and 
Sun H. Lau, M.D., Staten Island, N.Y. 


Ectopic Rhythms Arising From Anterior and Posterior 
Fascicles of the Left Bundle Branch in Anterior and 
Posterior Myocardial Infarctions—Rashmid A. Massumi, 
M.D., F.A.C.C., Ezra A. Amsterdam, M.D., F.A.C.C., Antone 
F. Salel, M.D., Richard R. Miller, M.D., Zaka-Ud D. Vera, 
M.D., Gungor E. Ertem, M.D., F.AC.C., and Dean T. 
Mason, M.D., F.A.C.C., Davis, Calif. 


H-V Prolongation in Left Bundle Branch Block: Clinical 
and Electrocardiographic Correlations—Ali A. Ehsani, M.D., 
Kenneth M. Rosen, M.D., F.A.C.C., Mohammed Jamil, M.D., 
Rolf M. Gunnar, M.D., F.A.C.C., and Shahbudin H. Rahim- 
toola, M.D., F.A.C.C., Chicago, III. 
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4.45 onic Basis of Low Resting Potential in Diseased Human 
Heart—Robert E. Ten Eick, Ph.D., Ramalingaer Parames- 
aran, M.D., Lloyd E. Solberg, M.D., and Donald H. Singer, 

D., F.A.C.C., Chicago, III. 


A TWENTY-FIRST ANNUAL 
CONVOCATION 
Grand Ballroom, Conrad Hilton Hotel 
P.M. 
6:30 Processional 

Invocation 
introduction of Distinguished Guests and Officers 
Conferring of Fellowships by the President 
Presentation of Special Awards 


Presentation of the Convocation Medal to the Convoca- 
tion Lecturer 


The Convocation Lecture by: 


Merlin K. DuVal, M.D., Washington, D. C. 
Assistant Secretary for 

Health and Scientific Affairs 

Department of Health, Education, and Welfare 


Installation of New President 
Recessional 


RECEPTION 


international Ballroom South, Conrad Hilton Hotel 


P.M. 
8:00 


DINNER DANCE* 


international Ballroom North, Conrad Hilton Hotel 


P.M. 


9:00 
*(Black tie optional) 


SUNDAY, MARCH 5 


A.M. 
8:00 Registration—Lower Lobby—Conrad Hilton Hotel 


ECG AND ELECTROPHYSIOLOGY 


Grand Ballroom, Conrad Hilton Hotel 
Chairman: Faden Fisch, M.D., F.A.C.C., Indianapolis, 
nd. 


Co-Chairman: ^44 Surawicz, M.D., F.A.C.C., Lexington, 
y. 
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9.00 REENTRY AND RECIPROCAL RHYTHMS: 
EA Han, M.D., Ph.D., F.A.C.C., Albany, 
N.Y. 


Electrocardiography—Douglas P. Zipes, M.D., Indianapolis, 
Ind. 


9.30 VULNERABILITY AND FIBRILLATION: 
oe i UPS Surawicz, M.D., F.A.C.C., Lexing- 
ton, Ky. 
Electrocardiography—Roderick W. Childers, M.D., Chi- 
cago, Ill. 


10:00 INTERMISSION 


10:30  ABERRANCY: 
Electrophysiology—Kalman Greenspan, Ph.D., F.A.C.C., 
Indianapolis, Ind. 
Electrocardiography—Rashid A. Massumi, M.D., F.A.C.C., 
Davis, Calif. 


11:00 CONCEALED CONDUCTION: 


Electrophysiology—E. Neil Moore, D.V.M., Ph.D., F.A.C.C., 
Rose Valley, Pa. 


Electrocardiography—Richard Langendorf, M.D., F.A.C.C., 
Chicago, IIl. 
11:30 WENCKEBACH STRUCTURE AND EXIT BLOCK 


Electrophysiology—Leonard S. Dreifus, M.D., F.A.C.C., 
Philadelphia, Pa. 
UEM Pick, M.D., F.A.C.C., Chicago, 


12:00  AUTOMATICITY: 


Electrophysiology—J. Thomas Bigger, Jr., M.D., F.A.C.C., 
New York, N.Y. 


Electrocardiography—lrwin Hoffman, M.D., F.A.C.C., Los 
Angeles, Calif. 


SELF-ASSESSMENT CLASSROOM 


Bel Air Room, Conrad Hilton Hotel 


A.M. 
8:30 to 12:00 noon 


CORONARY SURGERY 


Williford A and B, Conrad Hilton Hotel 
Chairman: 20 H. Kay, M.D., F.A.C.C., Los Angeles, 
alif. 


A.M. 


8:30 Survival Experience in Saphenous Vein Bypass Graft Sur- 
gery—Donald R. McRaven, M.D., John A. Walker, M.D., 
H. David Friedberg, M.D., F.A.C.C., and W. Dudley John- 
son, M.D., Milwaukee, Wisc. 


8.45 Objective Evaluation of the Effects of Direct Myocardial 
Revascularization on Ventricular Performance Utilizing 
Submaximal Ergometer Exercise Testing—John C. Manley, 
M.D., F.A.C.C., W. Dudley Johnson, M.D., Robert J. 
Flemma, M.D., and Derward Lepley, M.D., F.A.C.C., Mil- 
waukee, Wisc. 


9:00 Results of Aorta-Coronary Bypass Graft Surgery. Com- 
parison with Arterial Implants and Medical Treatment— 
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9:15 


9:30 


9:45 


10:00 


10:15 


10:30 


10:45 


11:00 


11:15 


11:30 


11:45 
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G. K. Sehapayak, M.D., Walter M. Allison, M.D., F.A.C.C., 
Donald G. Pansegrau, M.D., John C. Grammer, M.D., 
F.A.C.C., William L. Kraus, M.D., F.A.C.C., Dallas, Tex. 


Indirect Assessment of Coronary Artery Bypass Grafts— 

James T. Willerson, M.D., Eldred D. Mundth, M.D., Robert 

E. Dinsmore, M.D., Harriet Walker, Mortimer J. Buckley, 

M.D., W. Gerald Austen, M.D., F.A.C.C., Gordon S. Myers, 

vie F.A.C.C., and Charles A. Sanders, M.D., Boston, 
ass. 


Left Ventricular Function Following Successful Aorto- 
Coronary Vein Bypass—Glen W. Hamilton, M.D., Douglas 
K. Stewart, M.D., Kenneth L. Gould, M.D., and J. W. 
Kennedy, M.D., Seattle, Wash. 


Influence of Aorto-Coronary Artery Bypass on Left Ven- 
tricular Asynergy—Kanu Chatterjee, M.D., William W. 
Parmley, M.D., F.A.C.C., H. Sustaita, M.D., Jack M. Mat- 
loff, M.D., F.A.C.C., and H. J. C. Swan, M.D., Ph.D., 
F.A.C.C., Los Angeles, Calif. 


Progression of Proximal Coronary Arterial Lesions to 
Total Occlusion after Vein Graft Surgery and its Effects— 
George Bousvaros, M.D., F.A.C.C., Muhammad A. Chaudhry, 
M.D., and Abdul R. Piracha, M.D., Albany, N.Y., and 
Charleston, W.Va. 


INTERMISSION 


Chairman: Charles A. Hufnagel, M.D., F.A.C.C., Washing- 
ton, D.C. 


Surgical Management of Acute Evolving Myocardial In- 
farction: A Coronary Circulatory, Metabolic, and Angio- 
graphic Profile—Leslie Wiener, M.D., F.A.C.C., Hratch 
Kasparian, M.D., Albert Brest, M.D., F.A.C.C., and John 
Templeton, M.D., Philadelphia, Pa. 


Saphenous Vein Bypass Surgery for Impending Myocardial 
Infarction—Bernard L. Segal, M.D., F.A.C.C., William 
Likoff, M.D., F.A.C.C., Hans Van den Broek, M.D., Alberto 
Adam, M.D., Gumersindo Blanco, M.D., Demetrios Kim- 
biris, M.D., and Moosa Najmi, M.D., Philadelphia, Pa. 


Emergency Myocardial Revascularization with Saphenous 
Vein Bypass Graft—J. G. Dumesnil, M.D., Gerald T. Gau, 
M.D., John A. Callahan, M.D., F.A.C.C., James R. Pluth, 
M.D., Gordon K. Danielson, Jr., M.D., F.A.C.C., and Robert 
B. Wallace, M.D.. Rochester, Minn. 


Assessment of Aortocorenary Saphenous Vein Bypass 
Function Utilizing Selective Indicator Dilution Curves— 
Alberto Benchimol, M.D., F.A.C.C., Kenneth B. Desser, M.D., 
F.A.C.C., and James Schumacher, M.D., Phoenix, Ariz. 


The Cardiac Hemodynamic and Metabolic Responses to 
Coronary Arterio-Venous Bypass Surgery—N. Beer, M.D., 
N. Keller, Ph.D., S. Kline, M.D., E. Tarjan, Ph.D., Robert 
G. Carlson, M.D., F.A.C.C., and Norman Brachfeld, M.D., 
F.A.C.C., New York, N.Y. 


Factors Influencing Flow Through Aorta-Coronary Artery 
Saphenous Vein Bypass Grafts—Harold C. Usrchel, Jr., 
M.D., F.A.C.C., Rolando M. Solis, M.D., Ervin R. Miller, 
M.D., Maruf A. Razzuk, M.D., and Richard E. Wood, M.D., 
Dallas, Tex. 


A.M. 
8:30 


8:45 


9:00 


9:15 


9:30 


9:45 


10:00 


10:15 


10:30 


10:45 


11:00 


11:15 


CARDIAC FUNCTION 


Waldorf Room, Conrad Hilton Hotel 
Chairman: pm Braunwald, M.D., F.A.C.C., San Diego, 
alif. 


The Value of Continuous Monitoring of Cardiac Muscle 
Performance—Hooshang Bolooki, M.D., F.A.C.C., Ali Ghah- 
ramani, M.D., Leonard Sommer, M.D., F.A.C.C., Louis Lem- 
berg, M F.A.C.C., and Kathleen Boccabella, R.N., 

iami, Fla. 


Rapid On-Line Computer Determination of Left Ventricular 
Contractility During Pacemaker Tachycardia in Man— 
Allen F. Bowyer, M.D., Ronald L. Allen, Roy V. Jutzy, 
M.D., F.A.C.C., anc Varner J. Johns, Jr, M.D., F.AC.C., 
Loma Linda, Calif. 


The Relative Selection Sensitivities of Techniques to 
Evaluate Myocardial Function in Patients with Left Ven- 
tricular Hypertrophy—Antone Salel, M.D., Dean T. Mason, 
M.D., F.A.C.C., Ezra A. Amsterdam, M.D., F.A.C.C., and 
Robert F. Zelis, M.D., F.A.C.C., Davis, Calif. 


"Pacing" Left Ventricular Function Curves in Conscious 
Dogs—Frances Kraft-Hunter, B.S., M.S., Edward Wm. 
Hawthorne, M.D., Ph.D., F.A.C.C., Washington, D. C. 


Role of Adrenergic Inotropic Stimuli in the Systolic 
Temporal Responses to Exercise—F. Lopez-Arostegui, 
M.D., Willard S. Harris, M.D., Jean Maurice Pouget, M.D., 
F.A.C.C., and Udayan Bhaduri, M.D., Chicago, III. 


Alterations in the Left Ventricular Contractile State Dur- 
ing Isometric Exercise in Patients with Coronary Artery 
Disease—William H. Gaasch, M.D., Miguel A. Quinones, 
M.D., Efrain Waisser, M.D., Hans G. Thiel, M.D., James K. 
Alexander, M.D., F.A.C.C., Houston, Tex. 


Maximum Rate of Pressure Decline in the Normal, Hyper- 
trophied and Dilated Left Ventricle in Man—Attilio Recle, 
M.D., F.A.C.C., Pier A. Gioffre, M.D., Antonio Nigri, M.D., 
Mario Motolese, M.D., Rome, Italy 


INTERMISSION 


Chairman: a E. Rackley, M.D., F.A.C.C., Birmingham, 
a. 


Augmentation of Contractility Following Ischemia in the 
Isolated Supported Heart—Robert E. Goldstein, M.D., 
Jeffrey S. Borer, M.D., and Stephen E. Epstein, M.D., 
Bethesda, Md. 


Experimental Left Ventricular Akinesis—Sidney C. Smith, 
Jr., M.D., Will Lloyd-Jones, M.D., Juan Serur, M.D., Charles 
W. Urschel, M.D., Edmund H. Sonnenblick, M.D., F.A.C.C., 
and F. Henry Ellis, Jr., M.D., Boston, Mass. 


Experimental Atrial Fibrillation in Conscious Dogs—Ed- 
ward Wm. Hawthorne, M.D., Ph.D. F.A.C.C., Joseph E. 
Hinds, M.D., Ph.D., Washington, D. C. 


Effects of Varying End-Diastolic Volume and Inotropic 
State on Ventricular Performance During Atrial Fibrille 
tion in Man—Joel S. Karliner, M.D., James H. Gault, M.D. 
Richard J. Bouchard, M.D., John B. Uther, M.D., Kirk L 
Peterson, M.D., and Ralph Shabetai, M.D., F.A.C.C., La 
Jolla, Calif. 
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11:30 Beat to Beat Alterations in Contractile State as the 


11:45 


A.M. 
8:30 


8.45 


9:00 


9:15 


9:30 


9:45 


10:00 


10:15 


A.M. 
10:30 


Mechanism of Spontaneous Pulsus Alternans in Man— 
Robert F. Zelis, M.D., F.A.C.C., Robert J. Capone, M.D., 
Ezra A. Amsterdam, M.D., F.A.C.C., and Dean T. Mason, 
M.D., F.A.C.C., Davis, Calif. 


Potentiation of Contraction hy Premature Activation in 
Patients with Normal and Abnormal Left Ventricular 
Function—Ralph Shabetai, M.D., F.A.C.C., John B. Uther, 
M.D., Kirk L. Peterson, M.D., and John Ross, Jr., M.D., 
F.A.C.C., San Diego, Calif. 


EXERCISE TESTING 


Beverly Room, Conrad Hilton Hotel 
Chairman: nid M. Fox, IIl, M.D., F.A.C.C., Washington, 


Correlation of the Computer Quantitated ST Response to 
Exercise with the Arteriographic Location of Coronary 
Artery Disease—Paul L. McHenry, M.D., John F. Phillips, 
me F.A.C.C., and Jamie J. Jacobs, M.D., Indianapolis, 
nd. 


The Correlation of ST Segment Elevations and Axis Shifts 
in Graded Treadmill Exercise Tests with Coronary Arterio- 
graphic Findings—Fred Hegge, M.D., Naip Tuna, M.D., 
Ph.D., F.A.C.C., and Howard Burchell, M.D., Ph.D., F.A.C.C., 
Minneapolis, Minn. 


Maximal Treadmill Exercise Electrocardiography: Correla- 
tions with Coronary Arteriography and Cardiac Hemo- 
dynamics—Carroll M. Martin, M.D., and David R. Mc- 
Conahay, M.D., San Francisco, Calif. 


Correlation of Degree of ST Segment Depression During 
Exercise with Presence and Type of Coronary Artery 
Collaterals—Paul L. McHenry, M.D., Suzanne B. Knoebel, 
M.D., F.A.C.C., and John F. Phillips, M.D., F.A.C.C., Indi- 
anapolis, Ind. 


Exercise Induced Ventricular Irritability: Hemodynamic 
and Angiographic Correlations—Barry L. Zaret, M.D., and 
Charles R. Conti, Jr., M.D., F.A.C.C., Baltimore, Md. 


Exercise Heart Rate and Blood Pressure in ECG Stress 
Test Design—L. Thomas Sheffield, M.D., F.A.C.C., and 
David Roitman, M.D., Birmingham, Ala. 


Effects of Conditioning on Plasma Catecholamine Levels 
During Exercise in Patients with Coronary Artery Disease 
—Steven Wolfson, M.D., Antonio E. Acosta, M.D., Leslie I. 
Rose, M.D., Alfred F. Parisi, M.D., and Karl Engelman, 
M.D., San Antonio, Tex., and Philadelphia, Pa. 


INTERMISSION 


DIAGNOSTIC TECHNIQUES 


Beverly Room, Conrad Hilton Hotel 
Chairman: p L. Segal, M.D., F.A.C.C., Philadelphia, 
a. 


Echocardiographic Diagnosis of Left Atrial Thrombi— 
Masanobu Kamigaki, M.D., Thomas Sweatman, M.D., 
Judith Basford, B.A., Keith E. Cohn, M.D., F.A.C.C., San 
Francisco, Calif. 
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Echocardiographic Determination of Mitral Valve Flow— 
John C. Fischer, M.D., Sonia Chang, B.A., Lee L. Konecke, 
a and Harvey Feigenbaum, M.D., F.A.C.C., Indianapolis, 
nd. 


Echocardiographic Features of Torn Chordae Tendinae— 
John M. Duchak, Jr., M.D., Sonia Chang, B.A., and Harvey 
Feigenbaum, M.D., F.A.C.C., Indianapolis, Ind. 


Ultrasound Determination of Mean Fiber Shortening Rate 
in Man—Ronald Cooper, B.S., Joel S. Karliner, M.D., 
Robert A. O'Rourke, M.D., Kirk L. Peterson, M.D., and 
George Leopold, M.D., La Jolla, Calif. 


Changes in Left Ventricular Wall Movement Following 
Exercise, Atrial Pacing and Acute Myocardial Infarction 


" Measured by Reflected Ultrasound—Charles S. Smithen, 


M.D., Christopher Warton, B.M., and Edgar Sowton, M.D., 
F.A.C.C., London, England 


Serial Evaluation of Left Ventricular Volumes and Pos- 
terior Wall Movement in the Acute Phase of Myocardial 
Infarction Using Diagnostic Ultrasound—Robert A. Rat- 
shin, M.D., Charles E. Rackley, M.D., F.A.C.C., and Richard 
0. Russell, Jr., F.A.C.C., Birmingham, Ala. 


MYOCARDIAL DISEASE 


PDR #2, Conrad Hilton Hotel 
Chairman: William C. Roberts, M.D., F.A.C.C., Bethesda, Md. 


The Clinical Course of Cardiomyopathy Associated with 
Alcoholism—John G. Demakis, M.D., Shahbudin H. Rahim- 
toola, M.D., F.A.C.C., George C. Sutton, M.D., Mohammad 
Jamil, Aloysius Proskey, M.D., Kenneth M. Rosen, M.D., 
F.A.C.C., and Rolf M. Gunnar, M.D., F.A.C.C., Chicago, IIl. 


The Clinical Triad of Traumatic Ventricular Septal Defect, 
Occlusion of Left Anterior Descending Coronary Artery 
and Ventricular Aneurysm—Lawrence S. Cohen, M.D., 
F.A.C.C., Dean T. Mason, M.D., F.A.C.C., Ezra A. Amster- 
dam, M.D., F.A.C.C., William C. Roberts, M.D., F.A.C.C., J. 
Edward Rosenthal, M.D., and Robert F. Zelis, M.D., 
F.A.C.C., Davis, Calif. and Bethesda, Md. 


Near Miss "Pseudo-Comlications" of Cardiac Catheteriza- 
tion—Frank J. Hildner, M.D., Roger P. Javier, M.D., K. 
Ramaswamy, M.D., F.A.C.C., Philip Samet, M.D., F.A.C.C., 
Miami Beach, Fla. 


Electrophysiological Properties of Atrial and Ventricular 
Muscle from Cats with Experimentally Induced Heart 
Failure and Hypertrophy—Henry Gelband, M.D., and Arthur 
L. Bassett, Ph.D., New York, N.Y. 


Adeny! Cyclase Activity in Experimental Myocardial Hyper- 
trophy—Anthony F. Cutilletta, M.D., Otto G. Thilenius, 
M.D., Ph.D., and René A. Arcilla, M.D., F.A.C.C., Chicago, III. 


Mvosins From Right and Left Ventricle: Comparison of 
ATPase Activities and Substructure—Jack J. Kleid, M.D., 
Michihiko Tada, M.D., and Arnold M. Katz, M.D., F.A.C.C., 
New York, N.Y. 


The Role of Platelet Aggregation in Catecholamine In- 
duced Cardiac Necrosis: Electron Microscopic and Drug 
Studies—Jacob |. Haft, M.D., Kenneth Gershengorn, M.D., 
Paul Kranz, M.D., Frank Albert, M.D., Rolf Oestreicher, 
M.D., Kazem Fani, M.D., New York, N.Y. 


INTERMISSION 
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SUNDAY (continued) 10:45 Intravascular Hemolysis and Thrombocytopenia in Left 
_ Ventricular Outflow Obstruction—Robert Jacobsen, M.D., 
Joseph K. Perloff, M.D., F.A.C.C., and Charles Rath, M.D., 
Washington, D.C. 
11:00 Disseminated Intravascular Coagulation Complicating Se- 
PULMONARY EMBOLISM, vere Congestive Heart Failure... Samuel B. Itscgitz, M.D., 
tephen E. Epstein, M.D., Bethesda, Md. 
COAGULATION DEFECTS, AND 11:15 : j R ; to Graded Stimulation of the Caro 
: irculatory Responses to Gra ion of the Caro- 
HYPERTENSION tid Chemereceptors—L. C. Pelletier, M.D., and John T. 


Shepherd, M.D., Rochester, Minr. 


PDR #2, Conrad Hilton Hotel jap NES E SESS SS AERE 

: EA : ole of Blood Pressure in the Development of Congestive 
Chairman: Hilliard J. Katz, M.D., F.A.C.C.. San Francisco, Heart Failure: The Framingham Study—William B. Kannel, 
Calif. M.D., F.A.C.C., William P. Castelli, M.D., Patricia M. Mc- 

Namara, Patrick A. McKee, M.D., and Manning Feinleib, 


AM. M.D., Framingham, Mass., Durham, N.C., and Washington, 
10.30 Massive Acute Pulmonary Embolism-Deceivingly Non- D.C. 
Specific Manifestations—Nanette K. Wenger, M.D., 11:45 The Nature of the Intrarenal Stimulus Eliciting Renal 
F.A.C.C., Paul D. Stein, M.D., and Park W. Willis, IIl, M.D., Hypertension—Carlos M. Ferrario, M.D., and James W. 
F.A.C.C., Atlanta, Ga. McCubbin, M.D., Cleveland, Ohio 





Announcing two special programs: 
WEDNESDAY, MARCH 1, 1972 CONRAD HILTON HOTEL, CHICAGO, ILLINOIS 


SEMINAR: READ AND REMEMBER 
Sponsor: The American College of Cardiology 
Leader: David L. Schmidt 


Topics: Developing Effective Reading Habits * Learning the Techniques * Implant the Imprint of Ef- 
fective Rapid Reading * Giving Memory a Chance * Developing a Memory Storage Urit * Applying the 
Techniques to the Medical Literature 


For information write John C. Bish, EdD, Assistant Executive Director for Educational Programs, American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





SECOND ANNUAL WORKSHOP ON SCIENTIFIC WRITING: 


Scientific Writing to Convince the Editor and Reader 


Sponsors: The American College of Cardiology and The American Medical Writ- 
ers Association 


Chairman: Charles G. Roland, MD, Rochester, Minn. 
Deadline for registration: February 15, 1972 


For further information write Charles G. Roland, MD, Chairman, Department of Biomedical Communica- 
tions, Mayo Foundation, Rochester, Minn. 55901. 
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21st ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 
CHICAGO, ILLINOIS 
March 1-5, 1972 ire 


pi (WENTY . Hes, 


ROOM RESERVATION REQUEST 
Complete and MAIL DIRECTLY TO: 
AMERICAN COLLEGE OF CARDIOLOGY HOUSING BUREAU 
332 South Michigan Avenue 
Chicago, Illonis 60604 


ACCOMMODATIONS 


Single Room - eoe o ES 
(1 person, 1 bed) 


SPINA 


Double Room 
(2 persons, 1 bed) 


Twin Room 

(2 persons, 2 beds) 
Parlor and 
Bedroom Suite 


(DETACH HERE) 


IMPORTANT 


1. Reservation Requests must be sent to the American College of Cardiology Housing Bureau, 332 South Michigan Ave- 
nue, Chicago, Illinois 60604. You will receive confirmation of your reservation directly from the hotel. 


2. CHANGES AND CANCELLATIONS: Please NOTIFY AMERICAN COLLEGE OF CARDIOLOGY HOUSING BUREAU, 332 
South Michigan Avenue, Chicago, Illinois 60604 of all changes and cancellations. 


3. Be sure to list definite arrival and departure date and time. 


4. Be sure to list names of all occupants of room. 


(Bracket those sharing a room.) 


5. |f accommodations are not available at the hotels of your choice, comparable reservations will be made at other co- 


operating hotels. 


6. |f requested rate is not available, the next available rate will be assigned. 


7. Wo reservations will be accepted over the telephone. 


ROOMS WILL NOT BE HELD AFTER 6 P.M. UNLESS A LATER ARRIVAL TIME HAS BEEN REQUESTED. 


FAILURE TO NOTIFY 


THE HOTEL OF ANY CHANGE IN YOUR ARRIVAL TIME MAY RESULT IN CANCELLATION OF YOUR RESERVATION. 
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The following are hotels in Chicago, lllinois, where reservations are available. Please refer to Code number and map for 
location. 


] Conrad Hilton $22.00 - $30.00 $32.00 - $40.00 $32.00 - $40.00 $55.00 and up 
(Headquarters Hotel) 


2 Sheraton-Blackstone $24.00 - $34.00 $33.00 - $43.00 $33.00 - $43.00 $44.00 - $143.00 
3 Essex Inn $23.00 - $26.00 $29.00 - $35.00 $29.00 - $35.00 $50.00 - $90.00 

4 Pick Congress $21.00 - $40.00 $31.00 - $50.00 $31.00 - $50.00 $50.00 - $180.00 
5 Ascot Motel $20.00 - $23.00 $27.00 - $32.00 $27.00 - $32.00 $50.00 - $55.00 
6 Avenue Motel $17.00 - $20.00 $23.00 - $26.00 $23.00 - $26.00 — 

7 Palmer House $22.00 - $38.00 $38.00 - $44.00 $38.00 - $46.00 $84.00 and up 


8 Sheraton Chicago $23.00 - $29.00 $31.00 - $37.00 $31.00 - $37.00 $50.00 - $70.00 















LOCATIONS OF QNS SIR D AK 
AMERICAN COLLEGE OF CARDIOLOGY HOTELS i CSS coi. Cee 
!. Conrad Hilton 6. Avenue Motel eine x i 


(Headquarters Hotel) 7. Palmer House 









2, Sheraton-Blackstone 8, Sheraton Chicago i, 
3. Essex Inn i X 
4. Pick Congress ex E MINOR CY, 
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ACC News: Continuing Medical Education 





The National Committee . for Con- 
tinuing Medical Education, William 
Likoff, ND, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
sGentific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 





1972 


JAN. 
6-7 


Core Curriculum: Cardiovas- 
cular Physiology: Clinical Im- 
plications of Newer Concepts 
and Measurements. William 
W. Parmley, FACC and H.J.C. 
Swan,  co-directors. Cedars 
Sinai Medical Center, Los An- 
geles, Calif. 


JAN. 
9-11 


Myocardial  Infarction: New 
Look at an Old Subject. John 
H. K. Vogel, FACC, Bruce C. 
Paton and Robert Eliot, co-di- 
rectors. Opticon Theater, Snow: 
mass-at-Aspen, Aspen, Colo. 


JAN. 
12-14 


Controversies in Cardiovascu- 
lar Medicine: Practical Aspects 


James R. Jude, FACC; George 
M. Callard, Mary Jane Jesse 
and Robert Myerburg, co-di- 
rectors. Sheraton Four Ambas- 
sadors Hotel, Miami, Fla. 


FEB. The Acute Cardiac Emergency. 

7-9 Robert S. Eliot, FACC and Ger- 
ald Chaplin, co-directors. Ponte 
Vidra Club, Jacksonville, Fla. 


MAR.  Electrocardiographic  Interpre- 

20—22 tation of Arrhythmias: A Physi- 
ologic Approach. Charles Fisch, 
FACC, director, Indiana Univer- 
sity Medical Center, Indianap- 
olis, Ind. 

MAR.  Consultants' Course in Cardi- 

20-25  ology. Simon Dack, FACC, Ar- 


nold M. Katz, FACC and Rob- 
ert S. Litwak, FACC, directors. 
Mount Sinai School of Medi- 
cine, New York, N. Y. 


APR. 
3-12 E. Grey Dimond, FACC, direc- 
tor. Rancho Santa Fe Inn, 


Rancho Santa Fe, Calif. 


APR. Vectorcardiography: A  Work- 

5-7 shop. Alberto Benchimol, 
FACC, director. Mountain 
Shadows Hotel, Scottsdale, 
Ariz. 


APR 


. The Total Coronary Care Sys- 
12-13 


tem—The Community and The 
Hospital. Sylvan L. Weinberg, 
FACC, C. W. Immt and Jo- 
seph M. Wilson, FACC, co-di- 
rectors. The Sheraton-Dayton 
Hotel, Dayton, Ohio. 


APR. 
17-20 


Current Concepts in Cardiology 
1972. Philip R. Akre, FACC and 
John A. Bower, MD, directors. 
Riviera Hotel, Las Vegas, Nev. 


MAY The 
8-12 


Medical and Surgical 
Treatment of Cardiovascular 
Disease. J. Willis Hurst, FACC 
and W. Dean Warren, MD, di- 
rectors. Co-sponsored by ACC 
and Council on Clinical Cardiol- 
ogy of the American Heart As- 
sociation. Royal Coach Motor 
Hotel, Atlanta, Ga. 


MAY 
12-13 


Computer Applications in Elec- 
trocardiography. C. A. Caceres, 
FACC, director, Sheraton Park 
Hotel, Washington, D. C. 


Cardiology for the Consultant. 


MAY 
18-19 


Heart Sounds and Murmurs: 
An Audiovisual Presentation. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital, In- 
dianapolis, Ind. 


MAY 
25—27 


A Critical Approach to Cardio- 
vascular Diagnosis. Arthur 
Selzer, FACC, director. Jack 
Tar Hotel, San Francisco, Calif. 


SEPT. 
8-10 


The Clinical Pharmacology of 
Cardiovascular Drugs. William 
B. Abrams, FACC, director. 
Queen Elizabeth Hotel, Mon- 
treal, Quebec, Canada. 


SEPT. 
13-15 


The Clinical Manifestations of 
Congenital Heart Disease from 
Birth through Adulthood. Jo- 
seph K. Perloff, FACC and An- 
tonio C. DeLeon, Jr, FACC, di- 
rectors. Georgetown University 
Medical Center, Washington, 
D. C. 


SEPT. 
28-30 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC, director. 
Hahnemann Medical College, 
Philadelphia, Pa. 


OCT. 
10-14 


Alberto 
director. 
Hotel, 


Vectorcardiography. 
Benchimol, FACC, 
Mountain Shadows 
Scottsdale, Ariz. 


DEC. 
8-10 


Henry |. Russek, FACC, di- 
rector. Americana Hotel, New 
York, N. Y. Title unavailable. 


Advance registration forms for these courses may be obtained by writing to Mary Anne Mclnerny, Director, Department of Con- 
tinuing Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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Continuing Medical Education: Advance Programs 





MARCH 20-25, 1972 


New York, New York 


CONSULTANT‘S COURSE IN 
CARDIOLOGY 





Sponsors: 


The American College of Cardiology 
and 

Mount Sinai School of Medicine 

of the City University of New York 


Program directors: 
SIMON DACK, MD, FACC 
ARNOLD M. KATZ, MD, FACC 


ROBERT S. LITWAK, MD, FACC 
New York, New York 


This 6-day program will review in 
depth the newest concepts of cardiac 
function, diagnosis and therapy. Its 
aim is to provide the participant with 
both a review of established knowl- 
edge and an exposure to the newest 
information in basic and clinical car- 
diology. Presentation of clinical con- 
cepts will be based on a thorough 
grounding in the underlying basic 
principles. Each day’s program will 
be devoted to 1 subject, led and in- 
tegrated by a senior member of the 
faculty. The informal atmosphere of 
a small group will allow students to 
participate in discussions of the most 
important aspects of modern cardi- 
ology and will permit meaningful in- 
teraction with experts in their fields. 

The specific objectives of this pro- 
gram are a complete understanding 
of the mechanical and electrical 
bases of cardiac function; correlation 
of cardiac anatomy and embryology; 
diagnosis and treatment of cardiac 
arrhythmias; diagnosis and surgical 
management of valvular heart dis- 
ease; and medical and surgical man- 
agement of myocardial infarction 
and coronary heart disease. Instruc- 
tion will be carried out in an in- 
formal atmosphere, partly by lectures 
and partly by group discussions. 
Students will be presented with prob- 
lem situations and “unknowns” for 
discussion, and practical demonstra- 
tion will be used extensively in the 
coronary care and cardiac surgical in- 
tensive care units. 

The program is directed particu- 
larly to experienced and newly quali- 
fied cardiologists and highly experi- 
enced internists. 


Local Faculty: 


Drs. Murray Baron, Simon Dack, Eph- 
raim A. Donoso, Jacob I. Haft, Arnold 
M. Katz, Madeline A. Kirschberger, Les- 
lie A. Kuhn, Robert S. Litwak, Salvador 
B. Lukban, and John Pantazopoulos, 
Miss Doris |. Repke and Dr. Michihko 
Tada 


Enrollment: 


Maximal enrollment for this program is 
20. Advance registration is required. 


Fee: 
ACC members and nonmembers, $250. 


APRIL 5-7, 1972 
Scottsdale, Arizona 


VECTORCARDIOGRAPHY: 
A WORKSHOP 





Sponsors: 


The American College of Cardiology 
and 

The Institute for Cardiovascular 
Diseases, Good Samaritan Hospital 
Phoenix, Arizona 


Program director: 


ALBERTO BENCHIMOL, MD, FACC 
Phoenix, Arizona 


This is an intensive 3 day program 
covering the field of vectorcardiog- 
raphy and related areas. Major em- 
phasis is placed on theoretical and 
practical applications of the tech- 
nique as related to the patient's di- 
agnostic problems. Half of the pro- 
gram is dedicated to individual analy- 
sis of routine vectorcardiograms by 
the participants under the orientation 
of the guest and local faculty. This is 
an advanced course in vectorcardi- 
ography for those phvsicians who al- 
ready have a basic understanding of 
electrocardiography and vectorcardi- 
ography and wish a close exposure 
to the values and limitations of vec- 
torcardiography. 


Guest faculty: 
Dr. Ronald H. Selvester, Los Angeles, 
Calif. 


Local faculty: 


Drs. Jose Baldi and Kenneth B. Desser, 
Mr. John L. Gartlan, Jr., Drs. John H. 
Gay, Charles L. Harris, Boh T. Kwee, 
Kiyoshi Mori, Steven D. Promisloff, 


Marian E. Molthan, James A. Schu- 


macher and Beatriz F. Valda. ^ 


Enrollment: 


Enrollment is limited to 60 for this pro- 
gram. Advance registration is required. 


Fee: e 
ACC members, $200; nonmembers, 
$250. 





APRIL 17—20, 1972 


Las Vegas, Nevada 


CURRENT CONCEPTS IN 
CARDIOLOGY—1972 





Sponsors: 


The American College of Cardiology 
and 

The Cardiovascular Department 
Sunrise Hospital 

Las Vegas, Nevada 


Program director: 


PHILIP R. AKRE, MD 
Las Vegas, Nevada 


Program co-director: 


JOHN A. BOWERS, MD 
Las Vegas, Nevada 


This program is designed to provide 
for the practicing internist and car- 
diologist an in-depth presentation of 
basic concepts of, and recent devel- 
opments in, the field of cardiology. 
The meeting will be conducted in the 
manner of a seminar with each 
speaker being provided adequate 
time to permit a thorough discus- 
sion of his subjects, with ample op- 
portunity for involvement of partici- 
pants in the discussion. Two 3-hour 
sessions will be conducted daily by 
speakers of national prominence. 


Guest Faculty: 


Drs. Anthony N. Damato, Staten Island, 
N. Y.; Charles Fisch, Indianapolis, Ind.; 
Noble O. Fowler, Cincinnati, Ohio; B. L. 
Martz, Indianapolis, Ind.; Lawrence E. 
Meltzer, Philadelphia, Pa.; and F. Mason 
Sones, Jr., Cleveland, Ohio. 


Enrollment: 


Minimal and maximal enrollment has 
been established for this program. Ad- 
vance registration is required. 


Fee: 
ACC members, 
$175. 


$125; nonmembers, 


. Introducing 
Nitrostat (nitroglycerin) 
^A "potency-protected" 
sublingual nitroglycerin 
tablet 











Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the "potency-protected" sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 


WAAL TR res f| tit 
WW APT] iin 


@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.8996 label claim; 
average—104.4996 


-9- Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 | Assay range—four additional lots stored without 
filler in bottle 
8 Assay range—four additional lots stored with 
30 i filler in bottle 
PARKE-DAVIS & d 
PARKE, DAVIS & COMPANY Label 


Detroit, Michigan 48232 Claim 


PA-665 113772 


The angina patient... 


‘his life often needs 
adjustments... - 








. his medication often needs 


. adjustments, too 


easy TITRATION of dosage with 


ISORDIL SUBLINGUAL 


(isosorbide dinitrate) 
2.5.mg. and 5-mg. SUBLINGUAL TABLETS 








The two sublingual dosage strengths of 
ISORDIL allow you to adjust medication to 


the needs of the particular angina patient. 


ISORDIL SUBLINGUAL acts quickly — 
within two to five minutes. Though its 
onset of action is not quite as rapid as 
that of nitroglycerin, the duration of 
action of ISORDIL SUBLINGUAL is far 
longer —one to two hours in contrast to 
20 to 30 minutes for nitroglycerin. And 
because ISORDIL SUBLINGUAL is a stable 
medication, its potency is dependable — 
so important in times of stress. The use of 
ISORDIL SUBLINGUAL may significantly 
reduce the number, duration, and severity 
of angina attacks. In addition to the two 
sublingual forms, ISORDIL comes in five 
other formulations for individualized 
treatment of angina. 

e ISORDIL SUBLINGUAL, 2.5-mg. tablets 

e ISORDIL SUBLINGUAL, 5-mg. tablets 

e ISORDIL ORAL, 5-mg. scored, oral tablets 

* ISORDIL, 10-mg. scored, oral tablets 

e ISORDIL TEMBIDS TABLETS, 40- -mg. 
sustained action tablets 

e ISORDIL TEMBIDS CAPSULES, 40-mg. 
sustained action capsules 

e ISORDIL with PHENOBARBITAL, 
containing 10 mg. isosorbide dinitrate 
and 15 mg. (% gr.) phenobarbital, U.S.P., 
(Warning: Phenobarbital may be 
habit forming) 


Indications: Sublingual —for prevention 
and treatment of angina pectoris. Oral — 
tor relief of angina pectoris (pain of 
coronary artery disease); the oral dosage 
forms are not intended to abort the 

acute anginal episode, but are widely 
regarded as useful in the prophylactic 
treatment of angina pectoris. 


Contraindication: |diosyncrasy to this drug. 


Warnings: Data supporting the use of 
nitrites during the early days of the acute 
phase of myocardial infarction (the period 
during which clinical and laboratory 
findings are unstable) are insufficient to 
establish safety. 

Precautions: Intraocular pressure is 
increased; therefore, caution is required 
in administering to patients with 
glaucoma. Tolerance to this drug and 
cross-tolerance to other nitrites and 
nitrates may occur. In patients with 
functional or organic gastrointestinal 
hypermotilityor malabsorption syndrome, 
it is suggested that either the 5 mg. or 

10 mg. oral tablets or the 2.5 mg. or 5 mg. 
sublingual tablets be the preferred 
therapy. The reason for this is that a few 
patients have reported passing partially 
dissolved Tembids tablets in their stools. 
This phenomenon is believed to be on the 
basis of physiologic variability and to 
reflect rapid gastrointestinal transit of the 


sustained action tablet. TEMBIDS 
SHOULD NOT BE CHEWED. 

Adverse Reactions: Cutaneous 
vasodilation with flushing. Headache is 
common and may be severe and 
persistent. Transient episodes of dizziness 
and weakness as well as other signs of 
cerebral ischemia associated with 
postural hypotension may occasionally 
develop. This drug can act as a physio- 
logical antagonist to norepinephrine, 
acetylcholine, histamine, and many other 
agents. An occasional individual 

exhibits marked sensitivity to the hypo- 
tensive effects of nitrite, and severe 
responses (nausea, vomiting, weakness, 
restlessness, pallor, perspiration 

and collapse) can occur even with the 
usual therapeutic dose. Alcohol may 
enhancethiseffect. Drugrash and/or exfo- 
liative dermatitis may occasionally occur. 
Consult direction circular before 
prescribing. 

May we send you reprints, detailed 
information and/or professional 
samples? 


TEMBIDS?- TRADEMARK FOR SUSTAINED ACTION TABLETS AND CAPSULES 


IVES LABORATORIES INC. 


685 Third Avenue, New York, N.Y. 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF LIFE, 
THROUGH MEDICINE 





INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
466 Lexington Ave., New York, NY 
10017. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 812 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ''Ad- 
dress for reprints: . . ." followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 

e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 


e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. All 
articles must be submitted solely to this journal. Statements in articles 
are the responsibility of the authors. All material published ig copy- 
righted and may be reproduced only with the permission of the pub- 
lisher. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; dcuble-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in reman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints of each 
photo and drawing. (No negatives or 
slides.) 

e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows (black or white, which- 
ever is better for contrast) to desig- 
nete special features. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author's name. 

e Number figures in order in which 
they are mentioned in the text. 

e Indicate top of both photos and 
line drawings. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors' initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 








TRUE PHUNOUAKUIUGRAPHY 


.... With the Marquette Mingograf" 


Marquette has coupled the well know Swedish Mingo- 
graf ink-jet direct writer to its own superb three-chan- 
nel electronics to offer you the most advanced phono/- 
electrocardiograph available today. 


Consider these features: & 650 Hz frequency response 
permits true (not envelope) recording of all heart sounds 
u up to 84 mm dynamic channel width using uncoated, 
low cost paper m automatic three-channel electrocardio- 
graph with DC-250 Hz frequency response ® OPTI- 
LINK™ patient isolation € EKG phone transmission for 
central recording and computęr analysis ® seven re- 
cording speeds from 2.5 to 250 mm/second. 


Interested? Write or call for further information. Sales 
and Service in all major cities. Represented in Canada 
by Siemens Medical Canada Ltd. Marquette Electronics, 
Inc., 3712 W. Elm St., Milwaukee, Wisconsin 53209. 
Telephone 414/352-3500, Telex: 2-69545 Marquette Mil. 


*By special arrangement with Siemens/Elema Schonander OPTI-LINK™ is a trade- 
mark of Marquette, Electronics, Inc. 


Mingograf™ is a trademark of Siemens AG 








Marquette 


biomedical systems...worldwide 
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Advanced Instrumentation 
for Advancing Medicine 





FOR TEACHING AND DIAGNOSIS 








PhonoCardioSelector® 


heart sound diagnostic unit 


This instrument enables the phy- 
sician to listen, independently, or 
in combination, to the patient's 
first heart sound ($4), systolic in- 
terval, second heart sound (Sg) or 
diastolie interval. The amplifica- 
tion of these time zones may be 
varied independently. And the 
patient's heart rate can, in effect, 
be reduced by one-half to permit 
a more objective interpretation of 
the sounds. 

This portable electronie device 
operates directly from a precordial 
microphone and an ECG lead and 
times the heart sounds automat- 
ically regardless of the patient's 
heart rate. An added advantage 
is that audio-visual outputs allow 
the sounds to be presented to a 
large audience. 


Size: 17" x 1144" x 514" 
Weight: 21 pounds 
Cost: | $4,200 


PhonoCardioSimulator® 
heart sound training unit 


This instrument has won ready 
acceptance from medical instruc- 
tors the nation over. For it sup- 
plies what has long been needed: 
complete flexibility in teaching 
students to recognize those heart 
sounds and murmurs that will be 
encountered in clinical practice. 
Normal and abnormal heart 
sound patterns, along with an 
ECG signal, are generated elec- 
tronically by the PhonoCardio- 
Simulator Unit. In addition, they 
can be presented to an unlimited 
audience through audio-visual 
aids such as stethophones, oscil- 
loscopes or oscillographs. 


Size: 1115" x 17^ x 514" 
Weight: 25 pounds Cost: $6,000 





Georgetown University Palpator™ 
cardiovascular teaching aid 


This is a joint scientific effort of 
Georgetown University and 
Humetrics. It makes possible, for 
the first time, the teaching of car- 
diovascular palpation to a large 
audience. 

Through it, palpatory phenom- 
ena are transmitted directly from 
the patient to any number of phy- 
sicians simultaneously. The 
Palpator unit serves as a replica 
of the patient; and its movement 
reflects the displacement beneath 
the patient sensor device. 

In short: a wholly new dimen- 
sion in cardiovascular teaching. 


Auxiliary Unit: 12” x 44" x 7" 
Auxiliary Unit: 6% pounds 
Cost :$2,955— Basic 7 Unit System 


Our Technical Staff will be glad to demonstrate any or all of these instruments 
without obligation. We also have instrumenis for the mass screening of 
heart disease: the PhonoCardioScan for children and the ElectroCardio- 
Analyzer for adults. In addition, we have case histories of successful Mass 
Screening programs—and specific ways and means to launch one in your 
community. For further information, direct your request te Humetrics 
Corporation, 2212 Barry Ave., Los Angeles, 90064. Phone: (213) 477-4567. 
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Theboard meetingis over. 


He had 2 hours of 
- anginaprotection. 


For up to two hours of protection, your 
angina patient needs more than sub- 
lingual nitroglycerin. And Chewable 
Sorbitrate (isosorbide dinitrate) provides more. 


L] Acts almost as fast as nitroglycerin... 
lasts about 4 times as long. 


t1 More stable in air than sublingual 
nitroglycerin: it can be stored or carried 
with no significant loss of potency. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of Action: The mechanism of action of SORBITRATE (isosorbide di- 
nitrate) is unknown, although the basic pharmacologic action is to relax 
smooth muscle. Isosorbide dinitrate reduces in number and severity the 
incidence of angina pectoris attacks, with concomitant reduction in nitro- 
glycerin intake. 

Indications: Sublingual and Chewable: For the prevention and treatment 
of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort the acute 
anginal episode. SORBITRATE WITH PHENOBARBITAL is indicated for 
patients in whom the angina pectoris is accompanied by anxiety or its re- 
lated symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Phenobarbital may be habit forming. 

Precautions: Should be used with caution in patients who have glaucoma. 
Tolerance and cross tolerance to other nitrates may occur. , 

Adverse Reactions: Headache which may be severe and persistent. Lower- 
ing the dose and using analgesics will help control the headaches which 
usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with flushing; 
transient dizziness and weakness as well as other signs of cerebral ischemia 
associated with postural hypotension; individual marked sensitivity to the 
hypotensive effects of nitrates wherein severe responses can occur even with 
the usual therapeutic dose (alcohol may enhance this effect); drug rash and/ 
or exfoliative dermatitis. 
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NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 








This drug can act as a physiological antagonist to norepinephrine, ace- 
tylcholine, histamine and other agents. 
Dosage and Administration: Route: Sublingual, oral and chewable tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the smallest 
effective dose should be employed. Chewable tablets are generally given in 
doses of 5 mg. Sublingually or orally, 5 to 10 mg. is the range commonly 
used although doses of up to 30 mg. have frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. bl. SORBITRATE may 
be taken p.r.n. or at 4 to 6 hour intervals; Oral SORBITRATE may be taken 
3 or 4 times daily Chewable SORBITRATE may be taken for prompt relief 
of anginal pain 3 or 4 times daily. Although the onset and duration of effect of 
coronary nitrates m van following are the generally reported ranges 
of these values for SORBITRATE: 

net of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 15 to 30 
minutes. 
* Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: Estimated 
to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty stomach 


STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 





goes beyond the benefits of sublingual nitroglycerin. 








CHEWABLE 
SORBITRATE 





ISOSORBIDE DINITRATE 5 mg. 


And when indicated: Sorbitrate (isosorbide dinitrate) Sublingual 5 mg. and 2.5 mg. 


This is the 
ema- 
Aldosterone- 
dema 
Spiral: 


In chronic heart failure... 

a high plasma level 

of aldosterone'is one 

of the essential 

and most important factors 
leading fo sodium retention 
and edema formation’ 


Heart damage 
results in... 


reduced pumping 
capacity, which 
causes... 


edema and 
therefore... 


- diminished renal 
blood flow, the 
signal for... 


increased 

aldosterone 
production, which 
causes... 


sodium and fluid 
retention (with 
potassium loss) 
leading to... 


a further increase in 
edema which 
makes... 


even greater 

demands on the 
damaged heart 
with... 


additional impair- 
ment of myocardial 
function due to loss 
of myocardial 
potassium... 


| further diminishing 
the renal blood flo 
and signaling... 


increased 

aldosterone 
production, whic 
then... 


attempts to 
expand 
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with 


Aldactone ISPRONOUACTONEI 


the only specific, competitive aldosterone 
antagonist for gradual, sustained diuresis with 
minimal possibility of potassium loss... 
especially indicated for the digitalized patient 








@ Produces a gradual, sustained diuresis 
which, over a period of weeks, may be 


greater than that produced’ with furose- 


mide or ethacrynic acid, while avoiding the 


dangers of sudden fluid or electrolyte deple- 


tion common with fast-acting diuretics. 


e Helps prevent digitalis toxicity due to low 
myocardial potassium levels by helping to 
retain or restore myocardial potassium 
through its ‘’... action on the kidney, where 
it blocks! aldosterone action, and perhaps 


by direct cellular action as well...." In con- 


trast, thiazides, furosemide and ethacrynic 


acid cause potassium loss which can poten- 


tiate' myocardial potassium outflow. 


e May be combined with other diuretics 
for an additive effect permitting lower 
dosages with each agent while helping to 
maintain potassium balance. 


Distributed by G. D. Searle & Co. 


P.O. Box 5110, Chicago, Illinois 60680 
Research in the Service of Medicine 


Indications—Essential hypertension; edema or ascites of congestive heart failure, cir- 
rhosis of the liver and the nephrotic syndrome; idiopathic edema. Some patients with 
malignant effusions may benefit from Aldactone, particularly when given with a thio- 
zide diuretic. 

Contraindications—Acute renal insufficiency, rapidly progressing impairment of re- 
nal function, anuria and hyperkalemia, 

Warnings—Potassium supplementation may cause hyperkalemia and is not indicated 
unless a glucocorticoid is also given. Discontinue potassium supplementation if hyper- 
kalemia develops. Usage of any drug in women of childbearing age requires that the po- 
tential benefits of the drug be weighed against its possible hazards to the mother and 
fetus. 

Precautions—Potients should be checked carefully since electrolyte imbalance may 
occur. Although usually insignificant, hyperkalemia may be serious when renal impoir- 
ment exists; deaths have occurred. Hyponatremia, manifested by dryness of the mouth, 
thirst, lethargy and drowsiness, together with a low serum sodium may be caused or 
aggravated, especially when Aldactone is combined with other diuretics. Elevation of 
BUN may occur, especially when pretreatment hyperazotemia exists. Mild acidosis may 
occur. Reduce the dosage of other antihypertensive drugs, particularly the ganglionic 
blocking agents, by at least 50 percent when adding Aldactone since it may potentiate 
their action. 

Adverse Reactions — Drowsiness, lethargy, headache, diarrhea and other gastroin- 
testinal symptoms, maculopapular or erythematous cutaneous eruptions, urticaria, men- 
tal confusion, drug fever, ataxia, gynecomastia, mild androgenic effects, including 
hirsutism, irregular menses and deepening voice. Adverse reactions are infrequent and 
usually reversible. 

Dosage and Administration — For essential hypertension in adults the daily dosage is 
50 to 100 mg. in divided doses. Aldoctone may be combined with a thiazide diuretic if 
necessary. Continue treatment for two weeks or longer since an adequate response may 
not occur sooner. Adjust subsequent dosage according to response of patient. 

For edema, ascites or effusions in adults initial daily dosage is 100 mc. in divided 
doses. Continue medication for at least five days to determine diuretic response; add a 
thiazide or organic mercurial if adequate diuretic response has not occurred. Aldac- 
tone dosage should not be changed when other therapy is added. A daily dosage of 
Aldactone considerably greater than 75 mg. may be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desirable for po- 
tients with extremely resistant edema which does not respond adequately to Aldactone 
and a conventional diuretic. Observe the usual precautions applicable to glucocorticoid 
therapy; supplemental potassium will usually be necessary. Such patients frequently 
have an associated hyponatremia—restriction of fluid intake to 1 liter per day or ad- 
ministration of mannitol or urea may be necessary (these measures are contraindicated 
in patients with uremia or severely impaired renal function). Mannitol is contraindi- 
cated inpatients with congestive heart failure, and urea is contraindicated with a history 
or signs of hepatic coma unless the patient is receiving antibiotics orally to “sterilize” 
the gastrointestinal tract. 

Glucocorticoids should probably be given first to patients with nephrosis since Aldac- 
tone, although useful for diuresis, will not directly affect the basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per pound of body 
weight. 

References: 1. Davis, J. O.: Hosp. Pract. 5:63-76 (Oct.) 1970. 2. Laragh, J. H.: Hosp. 
Pract. 5:43-50 (Nov.) 1970. 3. Tourniaire, A., and others: Lyon Méd. 223:707-716 (March 
29) 1970. 4. Seller, R. H.: Quoted in Medical News Section, J.A.M.A., 215:200-201 (Jan. 
11) 1971. 112 


for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 





FLOW 
PROBES 





applications 


€ Use with heart-lung 


machine, artificial kidney 
or similar systems 


€ lron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 











Biotronex Laboratory, IC. 9153 Brookville Road | Silver Spring, Maryland 20910 pat 301/588-6400 





MOUNT SINAI SCHOOL OF MEDICINE 
OF 
THE CITY UNIVERSITY OF NEW YORK 


THE PAGE AND WILLIAM BLACK 
POST-GRADUATE SCHOOL OF MEDICINE 


POST-GRADUATE COURSE IN CARDIOLOGY 


“PRESENT STATUS OF COMPUTER ECG AND VCG ANALYSIS” 


Under the Direction of 
Leon Pordy, M.D., Harry L. Jaffe, M.D., 
Kenneth Chesky, M.D., Charles K. Friedberg, M.D. 
Arnold M. Katz, M.D. And Guest Lecturers. 


April 21, 1972 
Friday 
9:00 a.m. to 5:00 p.m. 
at 
The Mount Sinai Medical Center 
Fifth Avenue & 100th Street 
New York, New York 10029 


This course introduces the principles involved in computer analysis of the electrocardiogram and 
vectorcardiogram in clinical cardiology. The methods and equipment utilized will be demonstrated. 
This will be followed by a detailed presentation of the results obtained in the recording and inter- 
pretation of 1) arrhythmias, 2) normal records, and 3) the various abnormal cardiac conditions, 
such as LVH, RVH, BBB, myocardial infarction, etc. Automation of the hospital heart station by 
computer will also be included. Practical considerations concerning comparative and pediatric 
programs will be discussed. The lecture material will be followed by a work-shop with direct partici- 
pation by those attending the course. This will be based upon a description booklet which will be 
provided containing 12 unknown tracings, each followed by computer printouts and clinical data. 

FEE: $35.00. 


FOR CATALOGUE AND APPLICATIONS WRITE: Registrar, The Page & William Black Post- 
Graduate School of Medicine, Mount Sinai School of Medicine, Fifth Avenue and 100th Street, 
New York, New York 10029. 


Now, instead of trying to isolate 
all of your pressure monitoring 
electronics, you can do something 
a lot easier. 

You can isolate your patients. 

Simply by using Statham's new 
P23 Ia isolated transducers. 

*Lgtest in the world's most 
popular transducer series, our 
P23 Ia blood pressure transducer 
is identical to our standard P23 Db 
in performance characteristics. 

e But beyond that, we've added 
some very interesting features. 

First, on the inside, we've 
floated the sensing head from the 
rest of the works. Which means the 
P23 Ia completely isolates the 
patient's body fluid from the 


transducer's case and internal 
mechanism. 

Which also means that the 
patient is completely isolated from 
possible electrical malfunction. 
Either from the transducer itself. 
Or from non-isolated monitoring 
systems. 

Second, on the outside, we've 
insulated the entire P23 Ia case in 
plastic. 

And third, we've eliminated all 
metal fittings. 

Which means the patient is 
protected from all kinds of 
extraneous voltages which might 
otherwise enter the system, 
including static discharges. 

Fourth, in wet or dry environ- 


ments, the P23 Ia is completely safe. 

Most important, whether your 
requirements call for Statham's 
new isolated P23 Ia or standard 
P23 Db, no other transducers 
afford so many advantages. 

In safety. Performance. Relia- 
bility. Features. And service. 

For complete information, write 
or call Statham today. Statham 
Instruments, Inc., Medical Division, 
2230 Statham Blvd., Oxnard, 
California 93030. Area Code (805) 
487-8511. In Europe, contact 
Godart-Statham, N.V., Jan van 
Eycklaan 2, Bilthoven, Holland. 
Area Code (030) 78 78 11. 

If you need total isolation, we 
can help you get it together. 


Statham - 


See it at the Society of Thoracic Surgeons, 
San Francisco, January 24-26, Booth 84-87. 


The world's most 








pressure transducer just went into total 
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A specific thyroid analogue is available 


for the treatment of 


hypothyroidism in 


cardiac patients who 





cannot tolerate ! 


other types of 


thyroid medication: 


Choloxin 


sodium dextrothyroxine) -un 


INDICATIONS: THIS IS NOT AN INNOCUOUS DRUG. STRICT ATTENTION SHOULD 
BE PAID TO THE INDICATIONS AND CONTRAINDICATIONS. Indicated for treatment 
of hypercholesterolemia in euthyroid patients with no known evidence of organic heart 
disease. Also indicated for treatment of hypothyroidism in patients with cardiac disease 
who cannot tolerate other tvpes of thyroid medication. 

CONTRAINDICATIONS IN EUTHYROID PATIENTS: 1) Known organic heart disease, 
including angina pectoris; history of myocardial infarction; cardiac arrhythmia or tachy- 
cardia, either active or in patients with demonstrated propensity for arrhythmias; rheuma- 
tic heart disease; history of congestive heart failure; and decompensated or borderline 
compensated cardiac status. 2) Hypertensive states (other than mild, labile systolic 
hypertension). 3) Advanced liver or kidney disease. 4) Pregnancy. 5) Nursing mothers. 
6) History of iodism. 

A relative contraindication is impaired liver or kidney function; when either or both 
are present, the advantages of sodium dextrothyroxine therapy must be weighed against 
the possibility of deleterious results. 

WARNINGS: BECAUSE THE EFFECTS OF ANTICOAGULANTS MAY BE POTEN- 
TIATED, REDUCE DOSAGE OF ANTICOAGULANTS BY ONE-THIRD ON INITIATION 
OF THERAPY AND READJUST AS NECESSARY ON THE BASIS OF WEEKLY TESTS 
OF PROTHROMBIN TIME. CONCENTRATION OF FACTORS VII, VIII, IX, AND PLATE- 
LET ACTIVITY SHOULD ALSO BE MONITORED, SINCE THESE FACTORS MAY BE 
DECREASED. CONSIDER WITHDRAWAL OF CHOLOXIN 2 WEEKS BEFORE SURGERY 
IF USE OF ANTICOAGULANTS IS CONTEMPLATED. 

Careful consideration of dosage schedule in hypothyroid patients with cardiac disease 
is required, and the drug should be withdrawn or dosage reduced if aggravation of angina, 
increased myocardial ischemia, cardiac failure, or clinically significant arrhythmia 
develops. Hypothyroid patients are more sensitive than euthyroid patients, especially 
if treated concomitantly with other thyroid preparations. Special consideration must be 
given to the dosage of the hypothyroid patient. 

Thyroid preparations may enhance the effects of epinephrine injections, predisposing 
to arrhythmias or coronary insufficiency. Drug withdrawal or careful observation of 
patients receiving such injections is recommended, especially before elective surgery. 
In diabetic patients, increased blood sugar levels may be observed, requiring upward 
adjustment of antidiabetic drug dosage, and subsequent readjustment if dextrothyroxine 
is later withdrawn. 

USAGE IN WOMEN OF CHILDBEARING AGE: Women of childbearing age with familial 
hypercholesterolemia or hyperlipemia should not be deprived of the use of this drug; it 
can be given to those patients exercising strict birth control procedures, Since pregnancy 
may occur despite the use of birth control procedures, administration of Choloxin to 
women of this age group should be undertaken only after weighing the possible risk to the 
fetus against the possible benefits to the mother. Teratogenic studies in two animal 
species have resulted in no abnormalities in the offspring. 

PRECAUTIONS: Unusually high PBI values are common in treated patients and are not 
evidence of hypermetabolism. In children, use only when a significant cholesterol- 
lowering effect is observed. Withdrawal is indicated if iodism or new cardiac signs 
or symptoms develop. 


FLINT LABORATORIES 
DIVISION OF TRAVENOL LABORATORIES, INC. 
Morton Grove, Illinois 60053 


ADVERSE REACTIONS: For the most part due to increased metabolism and thus more 
common in the hypothyroid patient, especially the hypothyroid cardiac. Cardiac changes 
have rarely been precipitated in non-cardiac patients: Angina pectoris (0.2% incidence), 
arrhythmia (0.5%), myocardial ischemia (<0.1%), cardiomegaly (<0.1%), fatal and non- 
fatal myocardial infarctions (<0.2%): Insomnia, nervousness, palpitations, tremors, 
weight loss, lid lag, sweating, flushing, hyperthermia, hair loss, changes in bowel habits, 
diuresis, and menstrual irregularities may also be related to the metabolic action. A few 
patients developed itching and skin rashes, apparently from iodism. 

Dyspepsia, nausea and vomiting, and changes in appetite occurred in less tham 1%. 
Headache, changes in libido, hoarseness, tinnitus, dizziness, peripheral edema, malaise, 
tiredness, visual disturbances, psychic changes, paresthesia, muscle pain and bizarre 
complaints were reported in less than 1% of treated patients. Gallstones were newly 
discovered in 13 patients, and cholestatic jaundice in one, although relationship tc drug 
therapy was not established. In a total of 19 patients, pre-existing peripheral vascular 
disease, exophthalmos, retinopathy, and disturbed sensorium continued to worsen. 
Cerebrovascular accidents, thrombophlebitis, and G.I. hemorrhages each occurred in less 
than 1% of patients, but there appears to be no relationship to dextrothyroxine therapy. 

In the nearly 3,000 patients studied, the withdrawal rate was less than 3%. 

DOSAGE RECOMMENDATIONS: For adult hypercholesterolemic patients, the recom- 
mended maintenance dose of Choloxin is 4.0 to 8.0 mg. per day. The initial daily dose 
should be 1.0 to 2.0 mg. to be increased in 1.0 or 2.0 mg. increments at intervals cf not 
less than one month to a maximum level of 6.0 to 8.0 mg. daily, if that dosage level is 
indicated to effect the desired lowering of serum cholesterol. When used as partial or 
complete substitution therapy for levothyroxine in hypothyroid patients, the more 
conservative dosage schedule is recommended. 

For pediatric hypercholesterolemic patients, the recommended maintenance dose of 
Choloxin is approximately 0.1 mg./kg. The initial daily dosage should be approximately 
0.05 mg ./kg., to be increased in 0.05 mg./kg. increments at monthly intervals. The recom- 
mended maximal dose is 4.0 mg. daily, if that dosage level is indicated to effect the desired 
lowering of serum cholesterol. 

If new signs or symptoms of cardiac disease develop during the treatment period. the 
drug should be withdrawn. 

HOW SUPPLIED: Choloxin brand cf sodium dextrothyroxine is supplied in prescription 
packages of 30 and 100 scored, 2 mg. (yellow) and 4 mg. (white) tablets. 





An Important Note: It has not been established whether 
drug-induced lowering of serum cholesterol or other lipid 
levels has a detrimental, a beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations can yield an answer to this question. 
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The negative power of clinically significant anxiety.. 


This man think 





For the hypertensive patient, severe 
symptoms may be intensified 

and aggravated by emotional 
overreaction to stress. Acutely aware 
of the adverse impact his emotions 
may have on the course of his life, 
the hypertensive patient's anxieties 


may beincreased. 


Adjunctive use of Libritabs may 
be of significant value in reducing 
excessive anxiety, which can induce 
adverse biochemical and 
physiological changes related to 

the vascular system and, by so 
doing, jeopardize management 

of the disease itself. 


Libritabs (chlordiazepoxide) is 
used concomitantly 

with certain specific medications 

of other classes of drugs, such as 
cardiac glycosides, diuretics and 
antihypertensive agents, whenever 
anxiety is a significant component 
of the clinical profile. 


Libritabs is especially well 
suited for extended use 
because of its wide margin of 
safety. In general use, the most 
common side effects reported have 
been drowsiness, ataxia and 
confusion, particularly in the 
elderly and debilitated. (See sum- 
mary of prescribing information.) 
Moreover, the antianxiety benefits 
of Libritabs are generally 
maintained without diminution of 
effect or need for increase in dosage. 
When treatment is prolonged, 
periodic blood counts and liver 
function tests are advisable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Libritabs (chlordiazepoxide) 
permits flexible,individual- 
ized therapy 

through its three oral dosage 
strengths. 


Before prescribing, please consult complete 
product information, a summary of which 


follows: 


Indications: Indicated when anxiety, 
tension and apprehension are significant 
components of the clinical profile. 


Contraindications: Patients with known 
hypersensitivity to the drug. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in 
administering to addiction-prone 
individuals or those who might increase 
dosage; withdrawal symptoms (including 
convulsions), following discontinuation of 
the drug and similar to those seen with 
barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in 
women of childbearing age requires that its 
potential benefits be weighed against its 
possible hazards. 

Precautions: In the elderly and 
debilitated, and in children over six, limit 
to smallest effective dosage (initially 

10 mg or less per day) to preclude ataxia 

or oversedation, increasing gradually 

as needed and tolerated. Not recommended 
in children under six. Though generally 

not recommended, if combination therapy 
with other psychotropics seems indicated, 
carefully consider individual pharmaco- 


logic effects, particularly in use of potenti- 
ating drugs such as MAO inhibitors 

and phenothiazines. Observe usual precau- 
tions in presence of impaired renal or 
hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive 
children. Employ usual precautions in 
treatment of anxiety states with evidence 
of impending depression; suicidal 
tendencies may be present and protective 
measures necessary. Variable effects on 
blood coagulation have been reported very 
rarely in patients receiving the drug 

and oral anticoagulants; causal relationship 
has not been established clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in 
the elderly and debilitated. These are 
reversible in most instances by proper 
dosage adjustment, but are also occasion- 
ally observed at the lower dosage ranges. 
In a few instances, syncope has been 
reported. Also encountered are isolated 
instances of skin eruptions, edema, minor 
menstrual irregularities, nausea and 
constipation, extrapyramidal symptoms, 
increased and decreased libido—all 
infrequent and generally controlled with 
dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; 

blood dyscrasias (including agranulocy- 
tosis), jaundice and hepatic dysfunction 
have been reported occasionally, making 
periodic blood counts and liver function 
tests advisable during protracted therapy. 


‘To relieve 
excessive anxiety 


in hypertensive patients 


ctive 


Librit abs 


(chlordiazepoxide) 


5-mg, 10-mg, 25-mg tablets 


t.i.d./q.1.d. 


up to100 mg daily 
for severe anxiety 
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We discovered digoxin. We’ve been making it for more than 
35 years now. We named it “Lanoxin” digoxin to prevent 
confusion with digitoxin. We—Burroughs Wellcome Co.— 
strive to maintain our reputation for meticulous production 
controls, product consistency, reliability. With Lanoxin, this 
is necessary because, as with all digitalis preparations, the 


therapeutic range is very narrow between minimal effective 
and toxic levels. 





Along with a name to live up to in brand-name reliability, 
Lanoxin is reasonably priced. No better reasons to prescribe 
Lanoxin digoxin as your digitalis patient's best buy. 
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Contraindications: There are no absolute contraindications to digitalis. 
However, in ventricular paroxysmal tachycardia or ventricular fibrillation, 
it should be used only in refractory cases not induced by digitalis 
intoxication and if heart failure has developed. 


Precautions: If the patient has been given digoxin during the previous wee! 
or any other less rapidly excreted drug of the digitalis group during the 
previous two weeks, the dose of Lanoxin digoxin must be reduced 
accordingly. Because of impaired renal function and excretion in elderly 
patients, they frequently require lower than recommended doses. 


Potassium loss in patients sensitizes the heart to digitalis intoxication 
even with recommended doses. The diuretic agents as well as electrolyte 
manipulations by the physician are major causes of potassium depletion ir 
cardiac patients. Under these conditions it may be necessary to reduce 
the usual dosages of Lancxin during digitalization and maintenance. 


Digoxin is usually ineffective in cases of cardiac failure due to mechanical 
causes which are independent of myocardial diseases, e.g., cardiac 
tamponade, or to disorders not primarily of cardiac origin, as severe 
anemia. Despite a variable or poor response to digoxin in the presence of 


active rheumatic carditis, the development of cardiac failure is an 
indication for its use. 
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Effects of Overdosage and Treatment: The symptoms of overdosage with 
digoxin are quite similar to those occurring with other digitalis 
preparations. The most common toxic manifestations are anorexia, 
nausea, vomiting and various cardiac arrhythmias, including ventricular 
extrasystoles and paroxysmal supraventricular tachycardia or fibrillation 
with A-V block. In general, the gastrointestinal manifestations of toxicity 
with digoxin precede the cardiac arrhythmias occurring from overdosage. 
Furthermore, because of the rapid dissipation of digoxin, manifestations 
of toxicity are of short duration, usually lasting from a few hours to 

one or two days. If necessary, potassium chloride may be administered 
as an intravenous infusion containing (adult dosage) 40 milliequivalents in 
500 cc. of 5% dextrose in water, given over the course of 1 hour and 
repeated, if required, until a total of 120 milliequivalents have been 
given (1 mEq. KCI=74.5 mg.) Electrocardiographic monitoring should be 
conducted and the infusion halted immediately upon the appearance of 
peaking of the T-waves. For children, the intravenous infusion dosage 

of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% 
dextrose in water given over the course of 1 hour, repeated if required, 
to a total of 15 to 30 milliequivalents. For more serious intoxication with 
abnormal cardiac rhythms, potassium chloride may be given orally in 
divided doses totalling 4 to 6 grams per day (adults) or 1 to 2 grams 
(children) provided renal failure is not present. 
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LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 
1,000. 0.25 mg. (white) scored, in bottles of 100, 500, 1,000 and 5,000, 
also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 
0.5 mg. (green) scored, in bottles of 100 and 1,000. 


exacting controls to help you improve 
the hemodynamics of the faltering heart 


Lanoxiri digoxin 


Complete literature available on request from 
Professional Services Dept. PML. 


Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 


Development 


of the 
Chick Heart 


Victoria Maria de la Cruz, 
Simon Munoz-Armas, 
and Luiz Munoz Castellanos 


An original and well-illustrated description of 
the chronological development of the chick 
heart, this book will prove useful to embryolo- 
gists and students of human and animal car- 
diology alike. It is presented in atlas form, and 
the text is accompanied by 81 photographs 
showing details of the developing chick heart 
from early formation to the time of hatching. 

$70.00 


THE HISTORY OF 
CARDIAC SURGERY, 1896-1955 


Stephen L. Johnson 


“Dr. Johnson’s training in engineering as well 
as medicine has equipped him well to trace 
the crucial technological breakthroughs as well 
as the advances in medicine and surgery that 
have interacted to produce the modern era of 
open-heart surgery . . . [His book] is concise, 
well illustrated, and blends technical and anec- 
dotal material into a very readable narra- 
tive." —American Scientist $9.50 


THE PAPERS OF ALFRED BLALOCK 
Edited by Mark M. Ravitch 


“Dr. Mark Ravitch's assembly of Dr. Blalock's 
papers is a praiseworthy accomplishment that 
will be widely heralded and appreciated."— 
Bulletin of the History of Medicine 

Two volumes, $50.00 


SURGICAL PAPERS BY 
WILLIAM STEWART HALSTED 


Edited by Walter C. Burket 


*Halsted's papers are models of what scien- 
tific papers should be—lucid, well docu- 
mented, and bearing evidence of the most in- 
tensive work and study in their preparation."— 
Lancet Tiwo volumes, $35.00 
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UNIVERSITY PRESS 
Baltimore, Maryland 21218 








AMERICAN COLLEGE 
OF CARDIOLOGY 


and 


AMERICAN HEART .- 
ASSOCIATION 


Group Travel Plan 


to attend 


THE FIFTH ASIAN-PACIFIC 
CONGRESS OF CARDIOLOGY 


OCTOBER 1972 
SINGAPORE 


Via w NORTHWEST ORIENT 


Tour #1 


“Jour of The Orient 


SINGAPORE - THAILAND - HONG KONG 
JAPAN - HAWAII 


Tour #2 


South Pacific “Jour 
JAPAN - SINGAPORE - AUSTRALIA 
NEW ZEALAND . FIJI - TAHITI 


Tour #3 


Around “S/he World “Jour 


HAWAII - JAPAN - HONG KONG 
SINGAPORE - THAILAND - INDIA 
IRAN - TURKEY - GREECE 


For further information write to: 


AMERICAN COLLEGE OF CARDIOLOGY 
9650 ROCKVILLE PIKE 
BETHESDA, MD. 20014 
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medical knowledge: 


Today's quotation from 
the book of ancient 











If not from the same guy, at least from the same company. There's 
nothing that can be more frustrating in trying to get a piece of equipment 
put right than dealing with a middleman. We know, and so we ve 
done something about it. The broadest line of patient monitoring 
equipment in the world is available to you direct from the 


factory through any of our 83 branch offices scattered around the 
country. It's highly modular, totally integrated, beautifully 
engineered (of course with reduced possibility of microshock 
hazard to the patient). And the same office that sells it to you will 
service it for you. Shouldn't you at least look at our equipment 
before you buy anything? One of those offices is bound to be just around 
the corner. And our medical electronics expert is waiting for 


you to call. 


[H PROFEXRAY 


Litton Des Plaines, Illinois 60018 
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An unconventional new role 
for nurses in cardiac care . . . 


unconventional new publications facilitate your staff's 
preparation for growing responsibility! 


New! THE PHYSIOLOGIC AND PHARMACOL- 
OGIC BASIS OF CORONARY CARE NURSING. 
The first book to recognize the major shift in profes- 
sional responsibility assumed by the CCU nurse, this 
unconventional presentation can help nurses im- 
prove their capacity to function at this upgraded lev- 
el. Written specifically for the nurse specialist, it fur- 
nishes the core of technical and scientific knowledge 
required for effective CCU nursing. This sensitive 
correlation of clinical information with nursing care 
presents all aspects of coronary disease, including 
etiology and clinical course, diagnostic procedures, 
principles of electrocardiography and other monitor- 
ing techniques, use of drugs, and therapy for specific 
conditions. However, it emphasizes the nurse's role 
rather than complex details of instrumentation and 
technology. Challenging discussions explore the 
nurse's place on the CCU team, and the therapeutic 
functions of the nurse-patient relationship. By Theo- 
dore Rodman, M.D.; Ralph M. Myerson, M.D.; L. 
Theodore Lawrence, M.D.; Anne P. Gallagher, R.N., 
B.S.N., M.S.N.; and Albert J. Kaspar, M.D. July, 
1971. 228 pages, 7" x 10", 103 illustrations. $8.75. 


A new journal on critical care nursing is coming 
soon! Write for full information on HEART AND 
LUNG: The Journal of Total Care. 





MOSBY 


New 2nd Edition! COMPREHENSIVE CARDIAC 
CARE: A Handbook for Nurses and Other Par- 
amedical Personnel. This updated and revised ver- 
sion of a highly popular manual presents straightfor- 
ward theoretical and clinical information. Concise yet 
detailed, it stresses prevention of cardiac arrhyth- 
mias and early rehabilitation, and features substan- 
tial emphasis on prevention of circulatory failure. A 
new section on hemodynamic assessment describes 
early detection and aggressive management of car- 
diac failure. In addition, the effective introduction to 
basic electrocardiography is greatly expanded. By 
Kathleen G. Andreoli, R.N., B.S.N., M.S.N.; Virginia 
K. Hunn, R.N., B.S.N.; Douglas P. Zipes, M.D.; and 
Andrew G. Wallace, M.D. August, 1971. 219 pages, 
7” x 10”, 164 illustrations. $5.75. 


New 2nd Edition! THE HUMAN HEART: A Guide 
to Heart Disease. To provide accurate knowledge 
for your patients and for the staff caring for them, 
recommend this popular guide! Simplified yet scien- 
tifically correct, it explains anatomy and physiology 
of the heart, the main causes of heart disease, and 
current treatment—written in clear, non-technical 
terms and extensively illustrated. By Brendan Phibbs, 
M.D.. FA.C.P., FA.C.C.; with 4 contributors. July, 
1971. 263 pages, 62” x 975", 102 illustrations. 
$5.75. 
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"...potassium depletion cannot be com- 
pletely repaired unless chloride is made 
available."* KAY CIEL ELIXIR (potassium 
chloride) restores and maintains the elec- 
trolyte balance. 


Kay Ciel Elixir is potassium chloride, the pre- 
ferred salt—chloride ion is necessary for op- 
timum retention and utilization of potassium 
at the cellular level. 


Kay Ciel Elixir is a liquid, the preferred form 
—provides usable potassium and chloride for 
faster, more dependable absorption, with min- 
imal risk of gastrointestinal irritation. 


Kay Ciel Elixir is sugar-free and cherry- 
flavored, the preferred taste—so pal- 
atable it can be diluted with water 
alone. 


Kay Ciel Elixir provides uniform qual- r 
ity to aid in insuring continued patient 
acceptance. 


KAY CIEĽ ELIXIR 


(POTASSIUM CHLORIDE 10%) | 


POTASSIUM... 
IN BALANGE OR IMBALANCE? 


When optimum retention and utilization 
of potassium are essential... 
Kay Ciel (potassium chloride) 
restores and maintains the electrolyte balance 


Ka 


Cooper Laboratories, Inc., Mystic, Conn. 06355 





And it tastes tener pit 


Side Effects: Vomiting, nausea, abdomiral discomfort and 
diarrhea may occur. Symptoms and signs of potassium 
intoxication include listlessness, mental confusion, par- 
esthesia of the extremities, weakness cf the legs, flaccid 
paralysis, fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia exists, it should be 
promptly treated with the discontinuance of potassium 
administration or other steps to lower serum levels if 
indicated, since sudden shift in plasma levels may in- 
duce potentially dangerous cardiac arrhythmias. Dosage 
and Administration: Adults, one tablespoonful (15 cc.) 
diluted in one glass of water, twice daily after the morn- 
ing and evening meal. Patients should be cautioned to 
follow directions explicitly in regard to dilution of Kay 
Ciel Elixir to prevent gastrointestinal injury. How Sup- 
plied: Bottles of one pint and one gallon. Composition: 
Each 15 cc. (one tablespoonful) contains potassium chio- 
ride 1.5 Gm., supplying 20 mEq. of elemental potassium. 
Contraindications: Impaired renal funtion, untreated 
Addison's Disease, dehydration, heat cramps, and hy- 
perkalemia. Precautions: Should be administered with 
caution and adjusted to the requirements of 
the individual patient, since the amount of 
deficiency and corresponding daily dose is 
often not known. Excessive or even therapeutic 
dosages may result in potassium intoxication. 
Patients should be frequently checked and 
periodic ECG and/or plasma potassium levels 
made. High plasma concentrations of potas- 
sium ion may cause cardiac depression, ar- 
rhythmias or arrest. Use with caution in 
patients with cardiac disease. In hypokalemic 
states, attention should be directed toward the 
correction of the frequently associated hypo- 
E. chloremic alkalosis, 

* *Welt, L. G., in Goodman, L. A., and Gilman, A., 
* eds., The Pharmacological Basis of Therapeu- 
> tics, ed. 3, New York, The MacMillan Co., 1965, 
; p. 790. 
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in cardiac edema 
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Please see prescribing information wh ch follows 
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In a wide range of cardiac edemas 





the response you want by selecting the dosage your patient needs 


Lasix’ 
furosemide 
Tablets /Injection 


WARNING six (furosemide) is a potent diuretic 
which if gi in excessive amounts can lead to a 
profound diuresis with water and electrolyte deple- 
tion. Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
"DOSAGE AND ADMINISTRATION.") 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds. It is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle's loop. 





Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chloro-N-furfuryl-5-sulfamoylan- 
thranilic acid. 


INDICATIONS —Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g., 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension —Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS — Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
pregnancy and in nursing mothers. 


Lasix is contraindicated in anuria, If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, therapy should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


WARNINGS — Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
m and embolism, particularly in elderly pa- 
tients. 


Excessive loss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO2 and BUN determina- 
tions should be performed during the first few months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


in patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients should be ob- 
served regularly for the possible occurrence of blood 
CIMA, liver damage, or other idiosyncratic re- 
actions. 


In those instances where potassium supplementation 
is required, coated potassium tablets should be used 
only when adequate dietary supplementation is not 
practical. 


There have been several reports, published and 
unpublished, concerning nonspecific small-bowel le- 
sions consisting of stenosis, with or without ulcera- 
tion, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 


may occur with enteric-coated potassium tablets 
alone or when they are used with nonenteric-coated 
thiazides, or certain other oral diuretics. 


These small-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have occurred. 


Available information tends to implicate enteric- 
coated potassium salts, although lesions of this type 
also occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and should be discontinued im- 
mediately if abdominal pain, distention, nausea, vom- 
iting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS — As with any potent diuretic, electro- 
lyte depletion may occur during therapy with Lasix, 
especially in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest itself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental contusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antihypertensive medications. 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renal function and in patients 
who are also receiving drugs known to be ototoxic. 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests with abnormalities of the fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may lower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels should be o5- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery. 


ADVERSE REACTIONS — Various forms of dermatitis, 


including urticaria and rare cases of exfoliative 


dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis have occurred which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See "PRECAUTIONS.") 


In addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not been established with certainty: sweet taste, oral 
and gastric burning, paradoxical swelling, headache, 
aundice, thrombophlebitis and emboli (see "WARN- 
NGS"), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia is concerned, see "PRE- 
CAUTIONS." 


Transient pain after intramuscular injection has been 
reported at the injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration — The usual dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) given as a single dose, pref- 
erably in the morning. Ordinarily, a prompt diuresis 
ensues. Depending on the patient's response, a sec- 


ond dose can be administered 6 to 8 hours later 
This dosage and dosage schedule can then be main 
tained or even reduced. If the diuretic response witt 
a single dose of 1 to 2 tablets (40 to 80 mg.) is no 
satisfactory, e.g., in a patient with congestive hear 
failure refractory to maximal doses of thiazides, tht 
following schedule should be used: Increase thi: 
dose by increments of 1 tablet (40 mg.) not soone 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi. 
vidually determined single dose should then be giver 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.) 
The dose of Lasix may be carefully titrated up to 60€ 
mg. per day in those patients with severe clinica 
edematous states. Higher doses are currently under 
investigation. 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermitten! 
dosage schedule in which the diuretic is given for 2 
to 4 consecutive days each week. With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable. 


Hypertension — The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when 
this compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. It is further recommended, if one tab- 
let (40 mg.) twice daily does not lead to a clini- 
cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


Parenteral Administration — The usual dose of Lasix 
is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously. The 
intravenous injection should be given slowly (1 to 
2 minutes). Messe a prompt diuresis ensues. 
Depending on the patient's response a second dose 
ed 2» administered two hours after the first dose 
or later. 


If the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, e.g., in a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This individually deter- 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac- 
tical for continued mobilization of edema. 


Acute Pulmonary Edema — Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected intra- 
venously immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that is indicated by the pa- 
tient's condition. 


If deemed necessary, additional therapy (e.g., digi- 
talis, oxygen) can be administered concomitantly. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


How Supplied—Lasix Tablets are supplied in white, 
monogrammed, scored tablets of 40 mg. in amber 
bottles of 100(FSN 6505-062-3336), 500, and Unit 
Dose 100's (20 strips of 5). Lasix Injection is sup- 
plied as a sterile solution in 2 cc. amber ampules 
containing 20 mg. (with sodium chloride for isoto- 
nicity and sodium hydroxide to make the solution 
REL d d alkaline); in boxes of 5 (FSN 6505-435-0377) 
an : 


Note: Dispense in dark containers. Exposure to light 
may cause slight discoloration which, however, does 
not alter potency. 
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Injectable 


Talwin 


liéntazocine 


(as lactate) 


Confirms the value of Talwin 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse effects 


In postoperative patients: less circulatory depression 
with Talwin 

In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 patients 
receiving morphine; in 5.4% of 168 patients receiving 
Talwin.' 


..and in other patients: less respiratory and circulatory 

depression with Talwin 
In a double-blind study of 3 narcotic analgesics and 

Talwin in 118" patients with suspected acute myocardial 
infarction, Talwin caused a significantly lower incidence 
in the fall of systolic blood pressure than the 3 narcotic 
when the initial pressure was 120 mm. Hg or higher. 
Unlike the narcotics, Talwin caused a statistically 
significant rise in the systolic blood pressure of patients 
with initial pressures of less than 120.2 


In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear that 
pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” 3 


..and less of other adverse effects associated with 
narcotic analgesics 
Compared to morphine, Talwin is relatively free from 
urinary retention and constipation. 


Is less likely to cause nausea, vomiting and diaphore 
sisthan meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths —all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to patients’ 
needs throughout the course of therapy. Most 
studies indicate thåt the higher dosage strengths 
produce little, if any, increase in the incidence of 
adverse reactions. 


References: 1. Wallace, George: Int. Surg. 53:135, Feb. 1970. 
2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 
3. Davie, |. et al.: Brit. J. Anaesth. 42:113, Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 


bulwark against 
moderate — 
to severe pain 





injectable lalwin” 
Brand of pentazocine (as lactate) 
* tolerance to analgesic efficacy has not 

been observed 

* not subject to narcotic controls 
Contraindications: Talwin should not be ad- 
ministered to patients who are hypersensitive 
to it. 
Warnings: Head Injury and Increased intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevating 
cerebrospinal fluid pressure may be markedly 
exaggerated in the presence of head injury, 
other intracranial lesions, or a preexisting 
increase in intracranial pressure. Furthermore, 
Talwin can produce effects which may obscure 
the clinical course of patients with head in- 
juries. In such patients, Talwin must be used 
with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been 
established. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used anal- 
gesics. Talwin should be used with caution in 
women delivering premature infants. 

Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-ad- 
ministered, the physician should take precau- 
tions to avoid increases in dose and frequency 
of injection by the patient and to prevent the 
use of the drug in anticipation of pain rather 
than for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not Known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is rein- 
stituted it should be done with caution since 
the acute CNS manifestations may recur. 
Usage in Children. Because clinical experience 


the recovery room: 


Iu l l l for alwin 
Bran 
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in children under twelve years of age is limited, 
the use of Talwin in this age group is not 
recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehension, 
anxiety, dizziness, sleepiness) from the usual 
clinical dose, and may be the result of de- 
creased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial Infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the 
sphincter of Oddi, the drug should be used with 
caution in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are —respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gas- 
trointestinal: taste alteration, diar- 
rhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, 
miosis; other: tachycardia, nodules 
and ulceration at injection site, 
weakness or faintness, chills, mod- 
erate transient eosinophilla, aller- 
gic reactions including edema of 
the face. 
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See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in excess 
of 30 mg. intravenously or 60 mg. intramuscu- 
larly or subcutaneously are not recommended. 
Total daily dosage should not exceed 360 mg. 
As with most parenteral drugs, when frequent 
daily injections are needed over a prolonged 
period, intramuscular administration is prefer- 
able to subcutaneous. In addition, constant ro- 
tation of injection sites (e.g., the er outer 
quadrants of the buttocks, mid-lateral aspects 
of the thighs, and the deltoid areas) is recom- 
mended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may 
be given two or three times at two- to three- 
hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation wil! occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. If naloxone is not 
available, parenteral administration of the ana- 
leptic, methylphenidate (Ritalin®), may be of 
value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.), 1% ml. 
(45 mg.), and 2 ml. (60 mg.), each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. sodium 
chloride, in water for injection. Boxes of 10, 
25, and 100. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. ace:one 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
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CLINICAL STUDIES 


149 Clinical Response to Nitroglycerin as a Diagnostic Test for Coronary Artery Disease 
LAWRENCE D. HORWITZ, MICHAEL V. HERMAN and RICHARD GORLIN 


Correlation of the clinical response to nitroglycerin with the results of coronary angiography in 70 patients with 
chest pain of the anginal type discloses that 90 percent of the patients with chest pain relieved within 3 minutes 
of taking nitroglycerin have coronary artery disease. A delayed or absent response indicates either no coronary 
artery disease or unusually severe coronary artery disease and angina. 


154 Natural History of Angina Pectoris in the Framingham Study. Prognosis and Survival 
WILLIAM B. KANNEL and MANNING FEINLEIB 


Study of 303 cases of angina in a general population sample of 5,127 persons indicates a poor prognosis for 
men. One in 4 men with angina can expect to have a coronary attack within 5 years; the risk is half that for 
women. About 30 percent of patients over age 55 years will die within 8 years, and 44 percent of the coronary 
deaths will be sudden. Survival in men with uncomplicated angina is no better than that which follows an infarc- 
tion. 


164 Pitfalls in Prediction of Coronary Arterial Obstruction from Patterns of Anterior Infarction on 
Electrocardiogram and Vectorcardiogram 


JOSEPH HILSENRATH, ROBERT |. HAMBY, EPHRAIM GLASSMAN and IRWIN HOFFMAN 


This provocative study illustrates the unreliability of predicting coronary obstruction from electrocardiographic 
and vectorcardiographic patterns of anterior wall infarction, particularly in patients with valvular lesions or 
primary myocardial disease. Coronary cineangiograms disclosed normal coronary arteries in 53 percent of 60 
patients with electrocardiographic and vectorcardiographic evidence of anterior wall myocardial infarction. 
Triple vessel disease is most commonly present when the criteria for anterior and inferior infarction are met. 


171 Clinically Suspect Ischemic Heart Disease Not Corroborated by Demonstrable Coronary 
Artery Disease. Physiologic Investigations and Clinical Course 


WILLIAM A. NEILL, MELVIN P. JUDKINS, DHARAM S. DHINDSA, JAMES METCALFE, 
DONALD G. KASSEBAUM and FRANK E. KLOSTER 


Eleven patients with episodic chest pain resembling angina pectoris and electrocardiographic abnormalities of 
myocardial ischemia were found to have normal coronary arteriograms and rarely clinical evidence of myocar- 
dial hypoxia. Although a conclusive explanation for this unusual syndrome is not currently available, the evi- 
dence indicates that these patients manifest a benign course without serious progression of their heart disease. 
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180 Follow-Up Results of Distal Coronary Artery Bypass for Ischemic Heart Disease 


` GEORGE C. MORRIS, Jr., GEORGE J. REUL, JIMMY F. HOWELL, E. STANLEY CRAWFORD, 
DON W. CHAPMAN, H. LISTON BEAZLEY, WILLIAM L. WINTERS, PAUL K. PETERSON and 
JOHN M. LEWIS 


This critical analysis of the clinical state of 480 patients 1 to 30 months after coronary artery bypass shows a 
30 day hospital mortality of 6.2 percent, significant improvement in 92 percent of the patients and no degenera- 
tive changes in the autogenous vein bypass grafts. Graft occlusions varying from 11 to 14 percent occurred 
early and were generally due to technical reasons. However, arteriographic studies showed at least 1 function- 
ing graft in 99 percent of patients. 


186 Open Heart Surgery for Acquired Heart Disease in Jehovah’s Witnesses. 
A Report of 42 Operations 


JOHN R. ZAORSKI, GRADY L. HALLMAN and DENTON A. COOLEY 


Favorable results of 42 open heart operations for acquired heart disease in 40 Jehovah's Witnesses testify that 
blood transfusions can and should be used sparingly to reduce morbidity and mortality in all patients. In this 
series, with use of a bloodless prime technique of extracorporeal circulation and only brief periods of cardio- 
pulmonary bypass, 3 patients died, anemia causing only 1 death. 


190 Hypoplastic Left Heart Syndrome. Clinicopathologic and Hemodynamic Correlation 
ABRAHAM SAIED and GORDON M. FOLGER, Jr. 


The clinical appearance of 11 patients with the hypoplastic left heart syndrome correlated positively with hemo- 
dynamic findings and aided selection for palliative surgery. Group I patients showed elevated values for 
oxygen saturation in the right heart chambers, pulmonary to systemic flow ratios consistently greater than 1 
and right ventricular and pulmonary arterial systolic pressure less than 75 mm Hg. These patients manifested 
early distress, ashen cyanosis, feeble or absent peripheral pulses in the presence of hyperdynamic precordium 
and death in the first week of life. Group II, patients with good peripheral pulses, marked cyanosis and survival 
for more than 1 week, showed low values for right-sided and systemic oxygen saturation, a pulmonary to 
systemic flow ratio less than 1, and right ventricular and pulmonary systolic arterial pressure greater than 75 
mm Hg. 


EXPERIMENTAL STUDIES 


199 Dynamics of Potassium Flux in Cardiac Arrhythmias 
T. W. LANG, ELIOT CORDAY, JOSE R. LOZANO, HUGO CARRASCO and SAMUEL MEERBAUM 


During rapid ventricular tachycardias in dogs there was a significant net myocardial potassium loss which was 
associated with more serious arrhythmias leading to resistant ventricular fibrillation. Correction of myocardial 
potassium balance may be clinically useful in the management of cardiac arrhythmias. 
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Cambridge CAMCO 150 


Courtesy of Cardio-Dynamics Laboratories, Inc. 


A dynamic electrocardiogram was performed on a 
23-year old female, who had previously complained of 
symptoms of rapid palpitations and chest pain. During 
the 10-hour recording period, the patient reported nu- 
merous symptoms, including hot flashes, chest heavi- 
ness, shortness of breath, etc. 

During the first part of the tracing (see first strip), the 
patient reported no symptoms while walking, although 
minimal J-point depression was noted on the recording. 
However, the patient later complained of shortness of 
breath and chest heaviness while walking (see second 
strip). This time the recording showed marked ST seg- 
ment depression and T-wave inversion associated with 
cardiac rate increase. The DCG documentation of the 
ischemic ST-segment shifts permitted an accurate diag- 
nosis on this young female with myocardial ischemia. 


NEW SCANNING CENTERS PUT 
24-HOUR DCG HOLTER MONITOR- 7 
ING WITHIN MEANS OF EVERY 
PHYSICIAN! 2 


Now, for those physicians who would like to employ 
the latest, up-to-date, DCG Holter heart monitoring 
procedures, it is no longer necessary to make an 
initial investment of $11,000 to install a complete 
DCG system. Now the doctor serves the patient — 
and new scanning centers serve the doctor. 


For less than $2000 any physician can obtain an 
Avionics Electrocardiocorder'" — a small unique por- 
table tape recorder — and the associated instrumen- 
tation. It includes everything he needs to provide his 
patients with continuous Holter monitoring imme- 
diately. The physician or his assistant performs the 
patient hook-up in a 10-minute office procedure. The 
patient wears the heart monitor for 4, 12, or 24 hours. 
Then the tapes can be sent to a qualified cardiologist- 
controlled scanning center where thev are scanned 
and documented for a modest fee (approximately 
one-half of the usual DCG charge). 


The patient benefits by the greater validity and re- 
liability of a continuous DCG recording made over a 
prolonged period while he is subject to normal physi- 
cal and emotional stress, and the doctor benefits by 
an improved procedure that yields better patient data 
while requiring less physician time. 
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REPORTS ON THERAPY 


208 Treatment of Supraventricular Tachycardias by Right Atrial Alternating Current Stimulation 


j JOHN W. LISTER, STEPHEN J. GULOTTA, J. WALTER KELLER, Jr., ALFRED L. ARONSON, 
PETER TARJAN, DAVID NATHAN and ARTHUR GOSSELIN 


Induction of atrial fibrillation by alternating current stimulation of the right atrium proved to be a safe and 
effective means of terminating supraventricular tachycardia in 6 patients. Slowing of the ventricular rate, after 
induction of atrial fibrillation, provided a useful means of judging the need for further administration of digi- 
talis. 


213 Unidirectional Intraaortic Balloon Pumping in Cardiogenic Shock and 
Intractable Left Ventricular Failure 


ROBERT H. GOETZ, DAVID BREGMAN, BARRY ESRIG and SHLOMO LANIADO 


Although the clinical status of the 5 patients with cardiogenic shock or intractable left ventricular failure im- 
proved during unidirectional intraaortic balloon pumping and 4 of them returned to the coronary care unit, 
overall mortality was not proportionately improved. Used earlier in the course of patients with these complica- 
tions, intraaortic balloon pumping, an innocuous procedure easily instituted at the bedside, may be more suc- 
cessful and prepare patients for more definitive surgery, such as coronary artery bypass or infarctectomy. 


METHODS 


223 Precordial S-T Segment Elevation Mapping: An Atraumatic Method for Assessing Alterations 
in the Extent of Myocardial Ischemic Injury. The Effects of Pharmacologic and 
Hemodynamic Interventions 


PETER R. MAROKO, PETER LIBBY, JAMES W. COVELL, BURTON E. SOBEL, JOHN ROSS, Jr. 
and EUGENE BRAUNWALD 


A noninvasive precordial mapping technique using a 15 to 35 electrode blanket to record precordial electro- 
cardiograms in dogs and in human beings provided accurate and reproducible data for evaluating the size of 
the zone of ischemic injury. This method appears to make it possible to determine the effects of alterations of 
the hemodynamic state or of pharmacologic agents on the extent and severity of such injury and to assess at 
the patient’s bedside effects of different modes of treatment on the ischemic zone. 


REVIEWS 


231 The Role of Viruses in the Production of Heart Disease 
GEORGE E. BURCH and THOMAS D. GILES 


Clinical and experimental data indicate that viruses play an important role in the production of heart disease in 
man. Viral myocarditis, viral endocarditis, viral pericarditis and viral pancarditis are shown to be true entities. 
Viruses may be involved in the production of chronic heart disease, cardiomyopathy and “rheumatic heart dis- 
ease" of undetermined origin. The role of rubella and Coxsackie viruses in congenital heart disease is empha- 
sized, with the suggestion that viral infection acquired in utero may produce heart disease later in life. Measures 
for prevention of viral heart disease and methods of treatment are reviewed. 
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matically controlled elevations. 


safety requirements of the National Electri- 
cal Code and incorporates fail-safe controls. 
Minimum space requirement — neat, com- 
pact design occupies only 69x21 inches 
while in use and allows vertical storage on 
an 18 x 20 inch floor space. 

High quality at low price — three optional 
models are available with prices from $1395 
to $1795. 

Immediate delivery — you can have one in 
your office in less than 30 days. 


For more information return the coupon below. 
NE NNNM NEN GEN ONES å å Oe NND ONES ND å NND å å å GNO D END å å NND OD ee ND UND ee GNE ONDE OE NEED NI 


[.] Please send complete product information. [ ] Please have a representative contact me. 
Name & Title 

Organization 

Address 


AVIONICS RESEARCH PRODUCTS 6901 West Imperial Highway, Los Angeles, California 90045 / Phone (213) 641-6334 
division of Del Mar Engineering Laboratories 


AVIONICS 
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SEMINAR ON CLINICAL APPLICATION OF TECHNIQUES TO MEASURE BLOOD FLOW IN MAN. 
PART Il 
Measurement of Blood Flow by Thermodilution 

WILLIAM GANZ and H. J. C. SWAN 


The advantages of the thermodilution techniques to measure blood flow, as described in this article, include 
minimal recirculation, simple and accurate calibration, intravascular detection of temperature and simple equip- 
ment. 


HISTORICAL MILESTONES 


Cohnheim on Inflammation—l 
SAUL JARCHO 


Julius Cohnheim's classic essay “On Inflammation and Suppuration,” one of the greatest contributions ever 
made in pathology, describes and explains the mechanism of inflammation with great clarity and accuracy. 


SPECIAL DEPARTMENTS 


Abstracts, 21st Annual Scientific Session, American College of Cardiology 


Letters to the Editor 


Intracoronary Balloon—A New Model for Induction of Myocardial Ischemia 
Systemic Hypertension and Aortic Stenosis 

Alcohol Ingestion by Mice 

Atrial Dissociation 


Book Reviews 


Cardiovascular Bibliography of Selected Reviews 
College News 
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Short-acting . 
fast-acting diuretic. 

Fine for the 
short run... But 











A short-acting diuretic may be right for acute 
pulmonary edema. 

But. 

For cardiac edema, edema associated with renal 
or hepatic disease, and for early essential hyper- 
tension, long-acting Hygroton eliminates water 
promptly and copiously, yet usually avoids severe 
flushing of the patient's system. In older patients 
especially, excessive diuresis can lead to problems of 
dehydration with resultant reduced blood volume, 
circulatory collapse, possible thrombosis or 

“embolism. 

Long-acting Hygroton also offers the convenience 
and economy of once-a-day dosage-often particularly 


y: 


important to your older patients. 
Hygroton. 100 mg. tablets. Once daily. 


BRIEF SUMMARY 

Indications: Edema, hypertension. Contraindica- 
tions: Hypersensitivity and most cases of severe renal or hepatic 
diseases. Warnings: With the administration of enteric-coated 
potassium supplements, which should be used only when 
adequate dietary supplementation is not practical, the possi- 
bility of small-bowel lesions (obstruction, hemorrhage, and 
perforation) should be kept in mind. Surgery for these lesions 
» has been required frequently and deaths have occurred. Discon- 
tinue enteric-coated potassium supplements immediately if 
abdominal pain, distention, nausea, vomiting, or gastrointes- 
tinal bleeding occur. Use with caution in pregnant women and 
nursing mothers since the drug crosses the placental barrier and 
appears in cord blood and since thiazides appear in breast milk. 
The drug may result in fetal or neonatal jaundice, thrombocyto- 
penia, and possibly other adverse reactions which have occurred 
in the adult. When used in women of childbearing age, balance 
benefits of drug against possible hazards to fetus. Precautions: 
Antihypertensive therapy with this drug should always be 
initiated cautiously in postsympathectomy patients and in 
patients receiving ganglionic blocking agents, other potent 
antihypertensive drugs or curare. Reduce dosage of concomitant 
antihypertensive agents by at least one-half. Because of the 
possibility of progression of renal damage, periodic determina- 
tion of the BUN is indicated. Discontinue chlorthalidone if the 
BUN rises or liver dysfunction is aggravated (hepatic coma may 
be precipitated). Electrolyte imbalance with sodium and/or 
potassium depletion may occur. If potassium depletion should 
occur during therapy, the drug should be discontinued and 


potassium supplements given, provided the patient does not 
have marked oliguria, Take special care in cirrhosis or severe 
ischemic heart disease and in patients receiving corticosteroids, 
ACTH, or digitalis. Severe salt restriction is not recommended. 
Adverse Reactions: Anorexia, nausea, vomiting, gastric 
irritation, cramping, constipation, headache, dizziness, weak- 
ness, restlessness, transient myopia, muscle cramps, dysuria, 
impotence, orthostatic hypotension (which may be potentiated 
by alcohol, barbiturates or narcotics); rare idiosyncratic reac- 
tions such as aplastic anemia, leukopenia, thrombocytopenia, 
agranulocytosis, necrotizing angiitis; allergic skin rashes, 
urticaria or purpura; hyperglycemia and glycosuria (diabetics 
should be checked regularly); hyperuricemia and acute gout; 
and pancreatitis when epigastric pain or unexplained G.I. 
symptoms develop after prolonged administration. Other reac- 
tions reported with this class of compounds include: jaundice, 
xanthopsia, paresthesia, and photosensitization. Usual Dose: 
One tablet daily. How Supplied: Tabiets- 100 mg. (white, 
scored) and 50 mg. (aqua) in bottles of 100 and 1000. 
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PVCs triggering deadly ventricular fibrillation. ^— PRONESTYL controls PVCs and ventric- 
PRONESTYL (Procainamide Hydrochlo- ular tachycardia after oral, I.M. or 1. V* admin- 
ride) may be especially suitable for these istration. An oral regimen of one 0.5 Gm. 
high-risk patients because of its recognized capsule every 4 to 6 hours may be especially 
effectiveness against ventricular arrhythmias. suitable for patients endangered by 
-PRONESTYL is available in capsules as well | runs of PVCs. 


as inj jectable form. The capsules permit main- *Administerl V. only in extreme emergencies SQUIBB 
tenance therapy at home and in the hospital. 


ter 
Pronestyl Hiiochond) 


zeroes in on ventricular arrhythmias 





See next page for brief summary. 








Procainamide 





Pronestyl ied Capsules & Injection 


zeroes in on ventricular arrhythmias 


Contraindications: In patients with myasthenia gravis and 

where a hypersensitivity to procainamide and related drugs 

exists. Should not be given to patients with complete atrioven- 
tricular heart block. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 

method of choice. Intravenous use should be limited to extreme 

emergencies, be administered as a dilute infusion, and the 

patient be monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose should 

notexceed 1 Gm. Administer at arate not exceeding 25 to 50 mg. 
per minute. 

Should procainamide therapy be continued for any appre- 
ciable period, electrocardiograms should be made occasionally 
to determine its further need. 

Precautions: Evidence of untoward myocardial response 
should be carefully watched for in all patients. In the presence 
of myocardial damage with atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is 
slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic 
episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an 
occlusive coronary episode or where the use of procainamide 
may result in additional depression of conduction and ven- 
tricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocar- 
diograms give evidence of impending heart Ma 
block. This complication should be kept in < 
mind when treating ventricular arrhythmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and | 
severe hypotension. 

A syndrome resembling lupus erythematosus 
has been reported with maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this 
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p 
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syndrome, have been reported. If any sign of lupus erythema- 
tosus occurs, LE cell tests should be performed; if cell tests 

are positive, discontinue drug. Steroid therapy may be effec- 
tive if discontinuation of procainamide does not cause remis- 
sion of symptoms. If the syndrome develops in a patient with 

recurrent life-threatening arrhythmias not otherwise control- 
lable, steroid-suppressive therapy may be used concomitantly 

with procainamide. Testsatregularintervalsfor lupus erythema- 
tosus are recommended for patients on maintenance therapy. 
Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may produce a hypotensive response, sometimes pre- 
cipitous when given intravenously. Blood pressure should be 

measured almost continuously during the infusion which 

should be temporarily discontinued if the fall exceeds 15 mm. 
Hg. The hypotensive response is less likely to occur from intra- 
muscular injection and is rare following oral administration. 
Serious disturbances of cardiac rhythm such as ventricular 

asystole or fibrillation are also more common with I.Y. admin- 
istration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract in- 
fection have been reported. Agranulocytosis has been occa- 
sionally reported following prolonged use of the drug, and 
deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance therapy. If any of the above 
symptoms should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discontinued and 
appropriate treatment should be instituted immediately. 
Diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angio- 


neurotic edema and maculopapular rash, and bitter taste have 


been reported. 

The package insert should be read carefully to 
become familiar with the recommended oral and 

parenteral dosage for the indicated conditions. 
Supply: Pronesty! Capsules (Procainamide Hydrochloride 
Capsules U.S.P.) providing 0.25 Gm. and 0.5 Gm. are 
available in bottles of 100 and 1000, and Unimatic* 
Single Dose Packaging in cartons of 100. Pronestyl * 
Injection (Procainamide Hydrochloride Injection 
—.. U.S.P) providing a 10% sterile aqueous solu- 
& tion (100 mg//cc.) with 0.9% (W/V) benzyl 
alcohol is available in 10 cc. vials. (A.H.FS. 
24:04) [Military FSN 6505-582-5370: Cap- 
sules, 0.25 Gm., 100’s; FSN 6505-299-8614: 
. Inj., 10 cc. vials; VA FSN 6505-582- 
\ 5371A: Capsules, 0.25 Gm., 10005.] 


SQUIBB 
"The Priceless Ingredient of every product is 


the honor and integrity of its maker" 
©1972 E.R. SQUIBB & SONS, INC. 442-004 
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Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources? reached in the course of its in- 
vestigation of risk factors in cardiovascular 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that "Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising. * 

Helping people to choose foods wisely is 
something we ve been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary informction — model 
menus and recipes —so they can plan bal- 
anced family meals low in cholesterol and 
saturated fats, and you don't need to spend 
as much of your own time in explanation. If 
you would like sample copies to give your 
patients, just fill out and mail the coupon, 
and well be happy to oblige. 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 


Fleischmanns Margarine 


WHAT WE DON'T KNOW 
ABOUT OUR DIET CAN HURT US, 
HEART PANEL FINDS 











Fleischmann's Margarines 
Box 1180 
Elm City, North Carolina 27822 


Please send me sample copies of the following 
publications: 


O "Dietary Control of Cholesterol" 
LJ "Low-Sodium Diets Can Be Delicious" 


LJ "The Prevention of Heart Disease Begins 
in Childhood" 


Dr. 


street 





city 


state Zip 


Allow 4 to 6 weeks for delivery. Orders without ZIP code 
cannot be accepted. Offer good only in U.S.A. Void where 
prohibited or restricted by law. 


L. m momo mo mo m mo o m o 
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compact 
medical The multi-usage Beehive 
computer system Medical Computer System, the 
with multi -us age ultimate in medical instrumentation, 


is a hospital proven precision 


cap abilities instrument. It is capable of performing 
includin o functions to the exacting standards ° 


of the medical profession and is 


catheteriz ation economically practical for the private 
an alysi ees physician as well as the hospital. 


Its many capabilities include: Cardiac Catheterization Analysis, 
Intensive Care and Coronary Care Monitoring, 
Pulmonary Function Analysis, and Vectorcardiogram Interpretation. 


Æ The computer performs the following catheterization measurements: Pressures, 
Gradients, Dye Cardiac Output, Fick Cardiac Output, Cardiac Index, dp/dt 
Vmax, Peak Vee, Shunt Fractions, Systolic Ejection Period, Diastolic Filling 
Period, Resistance, 0. Saturations, and Valve Areas. 
The catheterization results are printed as measurements are made and approved 
and the complete report is on the printer before the patient leaves the laboratory. 


> 


o Up to 8 patients in coronary or intensive care may be simultaneously 
monitored determining: Systolic, Diastolic and Mean Pressure, Stroke Volume, 
Heart Rate, Cardiac Output, Venous Pressure and Arrhythmia Patterns. 
Visual and audible alarms are given for “out-of-limits” conditions 
with accompanying hard copy print out; and numerous physiologic data trends 
can be instantly recalled for review by the operator. 


ox Five pulmonary parameters are measured and evaluated in less than a 
minute, and a hard copy print out is immediately available for the patients file. 


In less than 3 seconds of computer time electrocardiograms are classified as 
normal, or one of 32 abnormal categories or combinations 
of categories. A hard copy print out of the tracing 
and ECG analysis is available for study or the file. 


>S The basic components of the Beehive MCS are easily 
adapted for use in experimentation. 
The basic monitor program provided is a 
convenient tool in writing research 
programs. And the analog to digital converter 
can be interfaced to many types of instrumentation. 









May we arrange a demonstration? 
Feel free to call direct, or reply 
by letter on your professional letterhead. 


BEEHIVE 
Wes 


a BEEHIVE MEDICAL ELECTRONICS, Inc. 
1473 South Sixth West, Salt Lake City, Utah 84104 








" 


(801) 487-0741 
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When ordering 
LITTMANN ECG 
Gel-Pads, ask for a 
demonstration of the 
LITTMANN Brand 
ECG Mounter 

to simplify your 
mounting procedure. 





e NO CLEAN-UP: New LITTMANN ECG Gel-Pads 
eliminate messy creams and dripping saline, leave no 
residue, require no clean-up of patient or electrodes. 

e CONVENIENT: Easy-open packages of five for 
individual patient use; pad can be used under 
all size electrodes—even adheres to hairy chests 
under pediatric size suction cups. 

e PATIENT COMFORT: No skin preparation 
required; less chance of cross contamination; will not 
stain or dampen clothing. 

e EXCELLENT RESULTS: Gel flows slightly on 
its porous support, conforming to skin and providing 
excellent electrical contact; no insulating coating 
on electrodes to interfere with tracings. 


Why not contact your surgical supply dealer or 

3M Representative today? Compare with what you're 
currently using in electrocardiogram procedures and see 
if you don't agree—3M has found "the better way.” 


Medical Products Division rur 


3M CENTER * SAINT PAUL, MINNESOTA 55101 





When he goes 
will his old et 


j When it’s mandatory 
*to keep the postcoronary 
- patient calm, consider 
ks Bil Valium: diazed am). 
| US Although he's promisec 
E tO take it easy back on the 
: Pe, you know he’s going 
F back to the same stressful 
| circumstances that may have 
contributed to his hospitalization. Your prescription for 
Valium can calm him. Lessened anxiety and tension cai 
help in decelerating his former pace. During the period 
of readjustment, Valium can quiet undue anxiety. 

For moderate states of psychic tension, 5-mg or 
2-mg Valium tablets t.i.d. or q.i.d. can usually provide 










back to work, 
go back with him: 


reliable relief. For severe tension-anxiety states, the 
10-mg tablets often produce desired results. 

On proper maintenance dosage, Valium seldom 
dulls the senses or interferes with alertness. Valium is 
generally well tolerated; the most commonly reported 
side effects are drowsiness, ataxia, 
and fatigue. Until individual 
response is determined, d 
caution patient against driving 
. or operating dangerous 
machinery. 





Please see following 
page for prescribing 
information. 





(diazepam) 
For the tense cardiac patient who must be kept calm 





If the cardiac patient has 
nighttime psychic tension, an 
h.s. dose added to the t.i.d. 


schedule can ensure a restful 


night's sleep. 


Valium 


(diazepam) 








~ 





2-mg, 5-mg, 10-mg tablets 
When the tense cardiac patient must be kept calm 





Before prescribing, please consult 
complete product information, a 
summary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex 
spasm to local pathology, spasticity 
caused by upper motor neuron disorders, 
athetosis, stiff-man syndrome, convulsive 
disorders (not for sole therapy). 

Contraindicated: Known hypersensi- 
tivity to the drug. Children under 6 
months of age. Acute narrow angle glau- 
coma; may be used in patients with open 
angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of 
increase in frequency and/ or severity of 
grand mal seizures may require increased 
dosage of standard anticonvulsant 
medication; abrupt withdrawal may be 
associated with temporary increase in 


frequency and/ or severity of seizures. 
Advise against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their 
predisposition to habituation and de- 
pendence. In pregnancy, lactation, or 
women of childbearing age, weigh po- 
tential benefit against possible hazard. 

Precautions: !f combined with other 
psychotropics or anticonvulsants, 
consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may potentiate 
its action. Usual precautions indicated 
in patients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usua! precautions in 
impaired renal or hepatic function. Limit 
dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia 
or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in 


salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported; should 
these occur, discontinue drug. Isolated 
reports of neutropenia, jaundice; periodic 
blood counts and liver function tests 
advisable during long-term therapy. 
Dosage: Individualize for maximum 
beneficial effect: Adults: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. 
or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 24 
mg, 1 or 2 times daily initially, increasing 
as needed and tolerated. (See 
Precautions.) Children: 1 to 2¥2 mg t.i.d. 
or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; bottles of 
100 and 500. All strengths also available 
in Tel-E-Dose™: packages of 1000. 


Roche Laboratories, 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 








the safe, 


to the instrumentation dilemma: 


Finally, a multi-channel recording system that makes 
choices sure and simple. No more trading off one 
wanted feature for another. No more compromises with 
safety or performance. The IREX Cardiovascular Data 
System CVDS 100 has everything you have always 
wanted in cardiac diagnostic instrumentation. 


Compare the features 


[] Compact, solid-state modular construction. Unit measures 
only 20%” wide by 23%” high by 19” deep. Easily mounted 
on a mobile table for CCU, bedside or teaching applica- 
tions — or permanently installed for laboratory and OR 
procedures. Available in six, eight and ten channel con- 
figurations with options for almost unlimited expansion. 


[] A full range of plug-in modular amplifiers for every pro- 
cedure provides complete versatility, easy serviceability, 
and future expansion. Simplified semi-automatic controls 
permit concentration on the procedure . . . not the instru- 
mentation. 


[] Individual safety isolation, plus transient protection for 
each function. Leakage currents can never exceed 5 „A 
under any conditions. Meets every proposed safety speci- 
fication of the AHA, AAMI, UL, CSA and NFPA. 


[] Optional swivel mounted 12" or 21" monitor oscilloscope 
(diagonal measurement). Unit can be easily removed for 
remote operation. Long persistence. Bright, sharp traces. 
System can accommodate as many scopes as required. Any 
number of traces may be positioned wherever desired. 
Trace quality is not affected by the number of channels 
in use. 


[] Dry rapid process photographic recording. Crisp, high res- 
olution, publishing quality records instantly, with daylight 
loading recording paper. Offers a wide choice of recording 
speeds and time lines. Recorded tracings are synchronized 
precisely with those displayed on the monitor oscilloscope. 


IREX MEDICAL SYSTEMS INC. 





109 CROTON AVENUE. OSSINING, NEW YORK 10562, (914) 762-4412 
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The IREX CVDS 100 also features easy access to outputs for 
computer interface; cassette type tape recording facility 
(optional extra); a broad range system frequency response to 
1000 Hz (-3dB), assures high fidelity reproduction of all param- 
eters in both research and clinical applications; and economy 
of operation means no lost time or wasted film. 

f " 








Universal applications for cardiac catheterization, non invasive 
procedures and teaching, in any combination: Pressure / Heart 
sound and External Pulse Recording / ECG and Intracardiac 
ECG / Respiration / DC Coupling / Differentiating / Integrating. 
Systems for XYZ, Vector, Ultra Sound and Indicator Dilution 
Curves will be available shortly. 











Gentlemen: 

[] Please send me complete CVDS 100 literature. 
[] l'd like a demonstration. Contact me. 

NAME TITLE 
INSTITUTION 

ADDRESS 


CITY, STATE, ZIP 


See us at the ACC meetings in Chicago-Booth 302. 


A-29 


IS A DIURETIC 
MAKING A MONKEY OUT OF HER? 





Potassium deficit is a common complication of therapy with 
most diuretics.' Provided the patient is willing to eat large 
quantities of potassium- -rich foods (for example, half a dozen 
bananas daily), it is possible to restore her potassium reserves 
from dietary sources alone. In most instances, however, it 
simply is not feasible to eat away a potassium deficit? — all the 
more reason for prescribing a diuretic which stops potassium 
deplefion before it starts.... 


Effectiveness | Comparable to plain hydrochlorothiazide* 




















Potassium- Potassium supplementation virtually 
Sparing Effect ^ unnecessary? 

Continuing Does not lose effectiveness in presence of 
Control aldosterone buildup‘ 

Edema Smooth onset of action’ 

Mobilization 








Patient Comfort Minimizes chance of muscle weakness, leg 
cramps, and fatigue from potassium 
depletion’ 


Economy Costis comparable to plain thiazides, dose 
for dose 


TAKE A SECOND LOOK- 
‘DYAZIDE’ CAN STOP POTASSIUM 
DEPLETION BEFORE IT STARTS, 
WITH NO SACRIFICE OF THIAZIDE 
EFFECTIVENESS... 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium" (brand of triamterene) Trademark 
and 25 mg. of hydrochlorothiazide. 


Dosage in Edema: The usual starting dosage is one capsule twice daily 
after meals. The usual maintenance dosage is one capsule daily or 
every other day. The maximum daily dosage should not exceed one 
capsule four times daily. 























Use ‘Dyazide’ with caution during pregnancy or in women who 
might bear children; its potential benefits should be weighed 
against possible hazards to the fetus. 


See next page for indications and brief prescribing information. 





Before prescribing, see complete prescribing information in SK&F 
literature or PDR. 


Indications: Edema associated with congestive heart failure, 
cirrhosis of the liver, the nephrotic syndrome, late pregnancy; also 
steroid-induced and idiopathic edema, and edema resistant to 
other diuretic therapy. ‘Dyazide’ is also indicated in the treatment 
of mild to moderate hypertension. 


Contraindications: Pre-existing elevated serum potassium. Hyper- 
sensitivity to either component. Continued use in progressive renal 
or hepatic dysfunction or developing hyperkalemia. 


Warnings: Do not use dietary potassium supplements or potassium 
salts unless hypokalemia develops or dietary potassium intake is 
markedly impaired. Enteric-coated potassium salts may cause 
small bowel stenosis with or without ulceration. Hyperkalemia 
(75.4 mEq/L) has been reported in 4% of patients under 60 years, 
in 12% of patients over 60 years, and in less than 8% of patients 
overall. Rarely, cases have been associated with cardiac 
irregularities. Accordingly, check serum potassium during therapy, 
particularly in patients with suspected or confirmed renal 
insufficiency (e.g., certain elderly or diabetics). If hyperkalemia 
develops, substitute a thiazide alone. If spironolactone is used 
concomitantly with 'Dyazide', check serum potassium frequently — 
they can both cause potassium retention and sometimes hyper- 
kalemia. Two deaths have been reported in patients on such 
combined therapy (in one, recommended dosage was exceeded; in 
the other, serum electrolytes were not properly monitored). Observe 
regularly for possible blood dyscrasias, liver damage or other 
idiosyncratic reactions. Blood dyscrasias have been reported in 
patients receiving Dyrenium (triamterene, SK&F). Rarely, 
leukopenia, thrombocytopenia, agranulocytosis, and aplastic 
anemia have been reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thiazides are reported to 
cross the placental barrier and appear in breast milk. This may 
result in fetal or neonatal hyperbilirubinemia, thrombocytopenia, 
altered carbohydrate metabolism and possibly other adverse 
reactions that have occurred in the adult. When used during 
pregnancy or in women who might bear children. weigh potential 
benefits against possible hazards to fetus. 





Precautions: Do periodic serum electrolyte and BUN determin- 
ations. Do periodic hematologic studies in cirrhotics with 
splenomegaly. Antihypertensive effects may be enhanced in 
postsympathectomy patients. The following may occur: hyper- 
uricemia and gout, reversible nitrogen retention, decreasing alkali 
reserve with possible metabolic acidosis, hyperglycemia and 
glycosuria (diabetic insulin requirements may be altered), digitalis 
intoxication (in hypokalemia). Use cautiously in surgical patients. 
Concomitant use with antihypertensive agents may result in an 
additive hypotensive effect. 


Adverse Reactions: Muscle cramps, weakness, dizziness, headache, 
dry mouth; anaphylaxis; rash, urticaria, photosensitivity, purpura, 
other dermatological conditions; nausea and vomiting (may 

indicate electrolyte imbalance), diarrhea, constipation, other 
gastrointestinal disturbances. Rarely. necrotizing vasculitis, 
paresthesias, icterus, pancreatitis, and xanthopsia have occurred 

with thiazides alone. 


Supplied: Bottles of 100 capsules. 


SKEF Co., Carolina, P.R. 00630 
a subsidiary of 
Smith Kline & French Laboratories, Phila., Pa. 


TAKE A SECOND LOOK AT 


DF 
Trademark 


Each capsule contains 50 mg. of Dyrenium* 





(brand of triamterene) and 
29 mg. of hydrochlorothiazide. 
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Programmed 
Radiographic System 





Minimizes Retakes and 
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Control Unit can be 
installed in any convenient location 


& TMN V Philips of Holland 


Factor selection is completely programmed. Colli- 
mator adjustment is automatic. An angulating 
tubestand, with its central ray permanently aligned 
to film center through a +40° arc of travel, is in- 
cluded in the system. 


The technologist can concentrate on patient care 
and positioning, while producing consistently ex- 
cellent radiographs—in the shortest possible time. 
After the examination has been determined and 
the patient positioned, the touch of one button 
selects tube, focus, kV, initial mA, phototimer sen- 
sitivity and photo pick-up aperture automatically. 


This high quality radiographic unit makes more 
efficient use of facilities—personnel—and time. 


You can trust in Philips quality...for trust in Philips 
is worldwide. 


For more information write us at 
710 Bridgeport Avenue, Shelton, Conn. 06484 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 








BOOKS FOR THE CARDIOLOGIST 


Visit Us at Booth 253, American College of Cardiology Meeting 
Chicago, Ill. March 2-4, 1972 


Bellet—Clinical Disorders 
of the Heart Beat 


By the late SAMUEL BELLET, M.D., School of Medicine, Uni- 


versity of Pennsylvania. x plus 1317 pages, 7" x 10", 1150 illustra- 
tions on 470 figures. 6 plates in color. 120 charts. 32 tables. New 


(3rd) edition. 1971. $52.50. (ISBN: 0-8121-0307-6). 
Complete and Up to Date 


A readily understandable guide to diagnosis and 
treatment of clinical disorders of the heart beat. All 
essential factors having an immediate relationship to 
clinical practice are considered in detail. Among the 
features of this new edition: Enlarged by more than 
300 pages. Most chapters written or revised. New diag- 
nostic methods for the recognition and verification of 
specific types of arrhythmias. Rewritten chapter on 
pacemakers. Present-day knowledge of electrophysi- 
ology and newer techniques of histopathology and 
electron microscopy. *One of the most complete works 
available on the subject of arrhythmias. Excellent. 
Recommended highly. Should be available to all 
cardiologists."—The American Heart Journal. “A val- 
uable book."—The Journal-Lancet. (from reviews of 
the 2nd edition. ) 


Yu & Goodwin—Progress in Cardiology 


By PAUL N. YU, M.D., University of Rochester (N.Y.) Medical 
Center; and JOHN F. GOODWIN, M.D., Royal Postgraduate 
Medical School, London, England. xii plus 283 pages, 7" x 10", 123 
illustrations. New. 1972. $15.00. (ISBN: 0-8121-0326-2). 

A comprehensive review of the status of ten of the 
most important problems in cardiology. Includes 
computers in cardiology as they relate to data collec- 
tion, analysis, display and retrieval; genesis, diagnosis 
and management of cardiac arrhythmias in acute myo- 
cardial infarction; interaction of cardiac drugs; direct 
and indirect techniques of measured performance of 
the heart: control of peripheral veins; surgical treat- 
ment of coronary artery diseases, etc. 


Conn and Horwitz—Cardiae 


and Vascular Diseases 


Edited by HADLEY L. CONN, JR., M.D., and ORVILLE HOR- 
WITZ, M.D., School of Medicine, University of Pennsylvania. 102 
CONTRIBUTORS. Two volumes totaling 1878 pages, 7" x 10". 
605 figures. Complete index in both volumes. 1971. $39.50. 
(ISBN: 0-8121-0043-3). 


A Broad-Scope, Practical Presentation 


This book presents a rational basis for the relation of 
basic sciences to clinical cardiology. Diseases affecting 
the heart and blood vessels (great and small) and 
ramifications of these diseases are discussed thor- 
oughly. Diseases of other organs and their effects on 
the heart and blood vessels are given proportionable 
coverage. No other work so effectively bridges the gap 
between laboratory findings and their clinical appli- 
cations. It truly reflects the essence of the “compleat” 
cardiologist. The list of contributors to this two- 
volume work boasts some of the nation's outstanding 
cardiologists and distinguished teachers in many medi- 
cal disciplines. *This book underscores an immensely 
important concept. The editors are to be commended." 
—The American Journal of Cardiology. 


Winsor—Primer of Vectorcardiography 
By TRAVIS WINSOR, M.D., University of Southern California 


School of Medicine, Los Angeles. xi plus 307 pages. 2]7 illustra- 
tions. 30 tables. New. Just ready. (ISBN: 0-8121-0319-X). 


This monograph will assist the clinician in solving 
some of his difficult problems by helping him to read 
vectorcardiograms quantitatively and accurately. It is 
intended for use by cardiologists and fills the need for 
a practical text to assist the clinician with vectorcar- 
diographic interpretations. A new computerized meth- 
od of calculating the spatial vectorcardiogram in 
numerical form adds to the diagnostic value of con- 
ventional planar vectorcardiographv. 


Burch and Winsor—A Primer of Electrocardiography 


By GEORGE E. BURCH, M.D., Henderson Professor of Medicine, Tulane University School of Medicine, New 
Orleans; and TRAVIS WINSOR, M.D., Associate Clinical Professor of Medicine, University of Southern Cali- 
fornia School of Medicine; Director of the Wiley Winsor Memorial Heart Research Foundation, Los Angeles. xiv 
plus 292 pages. 287 illustrations. New (6th) edition. 1972. $7.75. (ISBN: 0-8121-0337-8). 


Crystallized in this clearly written primer are the facts 
necessary for all who are starting to learn about, 
understand and interpret electrocardiograms. The 
theoretic and many practical aspects of electrocardi- 
ography are covered fully and presented from a 
mechanistic viewpoint. 


A Primer in every sense of the word, this book repre- 
sents a complete course in electrocardiography. The 
text has been revised and brought up to date for this 
1972 edition. “Extraordinarily useful for the be- 
einner. —American Heart Journal. 
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Introducing... 


THE LUMISCRIBE ECGs 


` Newly Designed for Your Patients Safety 


Meets AHA performance specificatons" 





CARDIOPHONE 


The Cardiophone is a portable, 2-channel, 3 speed phonocardiograph. 
It is a fully transistorized, direct writing system with heated stylus. 
The ECG section can be used independently of phono portion. 


@ ASTROGRAPH RS-105: Is a portable 2-speed, 
single channel ECG. AC/DC rechargeable bat- 
tery; fully transistorized and weighs only 1 4 Ibs. 
with DC input. 


@ ASTROGRAPH RS-205: Is a portable 2-speed, 
2-channel ECG—AC  only—Fully transistorized 
and weighs 18 Ibs. with DC inputs. 


@ ASTROGRAPH RS-305: Is a Portable 3-speed, 
3-channel ECG, which is programmed fo save 
time. Fully transistorized and weighs 28 Ibs. 
with DC inputs. 


@ MINIGRAPH: Is a portable 2-speed, single 
channel ECG. AC only. Fully transistorized and 
weighs only 1 2 Ibs. 


@ ACCESSORIES available: Apex, Carotid, and 
Jugular pick-up, with Pre-amplifier; Plethysmo- 
graph; Cardioscope-(SlaveScope), with 2 chan- 
nels and a 5.5 inch long retention screen; 
and Mobile Stand with large 4 inch casters. 


*Recommendations for Standardization of leads and of specifications for 
Instruments in Electrocardiography and Vector Cardiography from Re- 
port of Committee on Electrocardiography, American Heart Association, 
Circulation, Volume XXXV, March 1967. 


The Lumiscope Company — J. Beeber Co. 
836 Broadway, New York, N. Y. 10003, (212) 777-5520 
2520 Wesi 9th Street, Los Angeles, Calif. 90006, (213) 487-7686 


For a personal demonstration of our 
LUMISCRIBE products, please visit our 
Exhibit Booth 275 at the American 


College of Cardiology Scientific Ses- 
sions 















after 
a sleep-through 
night 








That's how a patient feels after a restful 
night's sleep provided by Quaalude-300 
(methaqualone). 
He wakes up alert and ready to face 
the demands of the day (Quaalude 
atients usually awaken easily and 


without evidence of “hangover”) ... be- 
cause he slept well all night (Quaalude 


usually helps produce 6 to 8 hours of 
restful sleep) ...and he didn’t have to lie 
awake for a long period of time before 
he went to sleep (Quaalude can induce 
sleep in 10 to 30 minutes). Now the 
physician has one less tired, sleepy and 
apprehensive patient to contend with. 

Non-barbiturate Quaalude-300 is 
chemically unrelated to other sedative- 
hypnotics. Its therapeutic value has 
been established in controlled clinical 
Studies and by wide usage of metha- 
qualone throughout the world. 

Side effects reported have been mild, 
transient, and have often proved to be 
Statistically insignificant when com- 
pared to placeboeffects. (See briefsum- 
mary on last page of advertisement.) 

For these reasons, maybe the pre- 
scribing physician sleeps a little better, 
too. 





a non- aalut 


Quaalude 


WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 


For additional prescribing information, please turn page. 





300 mg. tablets 
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Sleeping and awakening with Quaalude-300 (methaqualone) 
can be a pleasant experience— patients enjoy a sleep-through 
night, usually without “drugged” after-effects in the morning. 


Quaalude is chemically unrelated to barbiturates and 


glutethimide. 


Side effects reported have been mild, transient, and 


often statistically insignificant when compared to placebo 
effects. (See Adverse Reactions section below.) 


Patients appreciate this gentle way to sleep: 
sleep usually within 10-30 minutes 

sleep duration—6-8 hours 

the awakening— pleasantly alert— 

usually no “hung-over’ feeling 


0 mg. tablets 


(methaqualone) a a non-barbiturate 








Brief Summary 
of Prescribing Information 


Indications: 
Sleep. Daytime sedation. 


Usual Adult Dose: 

For sleep, 150-300 mg. at bedtime. 
For patients previously on other 
hypnotics, 300 mg. for five to seven 
nights. For sedation, 75 mg. t.i.d. 
or q.i.d. Not recommended in 
children. Dosage should be 
individualized for aged, debilitated 
or highly agitated patients. 
Overdosage: 

Acute overdosage may result in 
delirium and coma, with restless- 
ness and hypertonia, progressing 
to convulsions. Evacuate gastric 
contents, maintain adequate venti- 
lation and support blood pressure, 
if necessary. Dialysis may be 
helpful. Analeptics are contra- 
indicatec. Succinylcholine accom- 
panied by assisted respiration has 
been proposed for prolonged 
convulsions. Overdoses of metha- 
qualone appear to be less often 
associated with cardiac or respira- 
tory depression than are overdoses 
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of oral barbiturates, but shock and 
respiratory arrest may occasionally 


occur. 


Contraindications: 

Contraindicated in women whoareor 
may become pregnant; or patients 
with known hypersensitivity. 


Warnings: 


Take hypnotic dose only at bed- 
time. Not recommended in children. 
Warn patient on Quāālude against 
driving a car or operating danger- 
ous machinery. Care needed when 
administered with other sedative, 
analgesic or psychotropic drugs 

or alcohol because of possible 
additive effects. Pending longer 
clinical experience, Quāālude 
should not be used continuously 


anxiety states where impending 
depression or suicidal tendencies 
exist. Give in reduced doses, if at 
all, in patients with impaired 
hepatic function. 


Adverse Reactions: 
Neuropsychiatric: headache, hang- 
over, fatigue, dizziness, torpor, 
transient paresthesia of the 
extremities. An occasional patient 
has experienced restlessness or 
anxiety. Hematolcgic: aplastic 
anemia possibly related to metha- 
qualone has been very rarely 
reported. Gastrointestinal: dry 
mouth, anorexia, nausea, emesis, 
epigastric discomfort, diarrhea. 
Dermatologic: diaphoresis, brom- 
hidrosis, exanthema. Urticaria has 
been particularly well documented. 


for periods exceeding three months. 


Psychological dependence occa- 
sionally occurs. Physical depend- 
ence rarely reported. However, 
caution needed with addiction- 
prone patients. 


Precautions: 


Use with caution and prescribe 


Supplied: 

Quaalude-150 (150 mg. white, 

scored tablets). Quaalude-300 

(300 mg. white, scored tablets). 
Consult complete literature 


before prescribing. 
WILLIAM H. RORER, INC. 


Fort Washington,Pa.19034 


small quantities in patients with 

































’ AUSTRALIANS 
ask interesting 
medical questions... 





... as do our visitors from Newfoundland and the 
Netherlands, Africa, the Orient, Great Britain, Europe, 
South America and, of course, the United States. Last 
year, medical professionals from 28 foreign countries 
visited us, asking such questions as: “How much do 
American hospitals save per ECG using your automated 
cardiograph?" ... "Can | add my own programs to your 
computerized monitoring system we saw at the Brigham?" 
... and "What sort of clinical testing do you give a new 
design?” 


Our answers reflect Hewlett-Packard’s continuing con- 
cern for your instrumentation needs. By freely exchanging 
views with you... understanding your clinical and 
research requirements . . . exploring new instrumentation 
techniques . . . showing you exactly how “quality” is 
built-in both in design and manufacture... giving you the 
facts you need for important decisions .. . and providing 
the training and services to support your staff. 


We would like to hear from you, whenever you have a 
question or suggestion about medical electronics. Write 
Hewlett-Packard, Waltham, Mass. 02154. In Europe: 

1217 Meyrin Geneva. 






HEWLETT jhD, PACKARD 
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PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 
710 Bridgeport Avenue, Shelton, Conn. 06484 





IlIBil- pharmaceuticals created for your specialized clinical needs 





Each effervescent tablet in solution supplies 25 mEq. potassium as bicarbonate and citrate 


One good KLyte deserves another... 
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- [ntro ducing 


KLYTE/GL 


Each dose in solution supplies 25 mEq. potassium chloride 


potassium supplement with chloride 


The good-tasting way to treat hypokalemias induced by 
thiazide diuretics and other drugs... 


Here, at last, is a potassium chloride supplement that just doesn't taste 
like one! The mixed fruit flavor of new K-Lyte/Cl is truly refreshing. 
Now, K-Lyte/Cl offers your patients all of the therapeutic advantages 
you expect from a potassium chloride supplement. And you can be 
sure that your patients will take the K-Lyte/Cl you prescribe—all in 
good taste. 


Now you have a choice... 

When extra chloride is not desired, original effervescent K-Lyte is 
unsurpassed in flavor, effective and safe in short- or long-term potassium 
supplementation. There is little chance of taste fatigue from K-Lyte 
with two delicious, effervescent flavors to alternate...fresh-tasting orange 
and sparkling lime. 


e Each effervescent tablet in á Each dose of powder in 

KLyte solution supplies 25 mEq. potas- KLyte C] solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 

Each tablet or dose must be completely dissolved before taking. 
Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of 
potassium deficiency. Particularly useful when thiazide diuretics or corticosteroids cause excessive 
excretory potassium losses. Contraindications: Impaired renal function with oliguria or azotemia; 
Addison's disease; hyperkalemia from any cause. Warnings and Precautions: Since the amount 
of potassium deficiency may be difficult to determine accurately, supplements should be adminis- 
tered with caution, and dosages adjusted to the requirements of the individual patient. Potassium 
intoxication rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the extremities. 
Frequent checks of the clinical status of the patient, ECG, and serum potassium level are desirable. 
In established hypokalemia, attention should also be directed toward other potential electrolyte 
disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated 
potassium salt preparations, patients should be carefully directed to dissolve each dose completely 
in the stated amount of water. K-Lyte/Cl contains 4.9 grams (20 calories) of sucrose per dose 
which should be considered for patients with restriction of caloric intake. Adverse Reactions: 
Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 
Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, 
depending upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 fo 4 
ounces of cold or ice water; K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold 
or ice water. The normal adult daily requirement is approximately 50 mEq. of elemental potas- 
sium. NOTE: It is suggested that these products be taken with meals and sipped slowly over a 
5-10 minute period. How Supplied: K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange 
or lime flavors). K-Lyte/Cl: Powder, cans of 30 measured doses with scoop (fruit-punch flavor). E 
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The F. A. Davis Company is proud to offer a number 
of outstanding new books and new editions of in- 
terest to the cardiologist. The coupon on the op- 
posite page will bring the book (or books) of your 
choice for free examination. We also cordially in- 
vite your inspection of these fine volumes at Booth 
245, 21st Annual Scientific Session of the American 
College of Cardiology, Conrad Hilton Chicago, 
March 2, 3 and 4. 


CARDIOVASCULAR CLINICS 

This is the brilliant series in which capable and 
respected cardiologists from all over the world share 
their knowledge and experience with the practicing 
clinician. 

Albert N. Brest, MD, Editor-in-Chief 


Volume 3 is now complete! 

With the publication of Cardiac Surgery II (Volume 3, 
Number 3) another outstanding volume of Cardio- 
vascular Clinics becomes available. The distinguished 
guest editor of this number (and Number 2, Cardiac 
Surgery |) is Dwight E. Harken. In his preface to 
surgery |, Dr. Paul Dudley White describes Dr. Harken 
as 'one of the most important cardiac surgical 
pioneers of all the history of cardiac surgery.' 


These two issues on cardiac surgery offer a broad 
base of information which has been carefully as- 
sembled to be of real help to the clinician. They ex- 
plore in great detail virtually all of the important clinical 
aspects of cardiac surgery . . . indications for surgery, 
technical considerations, pre- and post-operative 
care, anesthesia, cardiopulmonary bypass, assisted 
circulation, prosthetic and biologic valves, pace- 
makers, cardiac transplantation. This material will be 
of immense value to the physician who must make a 
recommendation regarding surgery and who must, 
also, manage his patient after the operation. 

Vol 3, No 3, Cardiac Surgery Il. (Dwight E. Harken, 
MD, Guest Editor) 200 pages, illustrated. 

Vol 3, No 2, Cardiac Surgery | (Dwight E. Harken, 
MD, Guest Editor) 330 pages, 85 illustrations. 

Vol 3, No 1, Peripheral Vascular Disease (Ray W. 
Gifford, Jr., MD, Guest Editor) 290 pages, 93 illustra- 
tions. 

VOLUME 3 (3 numbers) $27.50. 

Individual numbers, $12. 

VOLUMES 1 AND 2 STILL AVAILABLE. 


MEDICAL AND SURGICAL CARDIOLOGY 
By W. P. Cleland, J. F. Goodwin, E. Lawson 
McDonald, and Donald Ross. 


1170 pages, 500 illustrations. $38.50 
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NEW (Second) EDITION 

POSTOPERATIVE CARDIAC INTENSIVE CARE 
By M. V. Braimbridge, MB, FRCS, with the . 
collaboration of M. A. Branthwaite, MB, MRCP 


In this extensively rewritten new edition of a highly- 
regarded practical manual, the emphasis, as before, 
is on prevention of cardiac deterioration, and the 
author concentrates on management and care of the 
patient with poor myocardial function, whose prog- 
nosis is critically affected by the quality of postopera- 
tive care he receives. Each system is considered 
separately, with a brief review of the physiological 
background. Two new chapters cover Hepatic Failure 
end Infection. 


In his foreword, Dr. John W. Kirklin, of the Department 
of Surgery at the University of Alabama says: 'This 
book...is an exemplary monograph. In simple terms, 
Mr. Braimbridge details the important aspects of the 
care of seriously ill patients . . . This work is recom- 
mended for serious study by medical students, house 
officers, nurses, paramedical persons, and indeed by 
experienced surgeons. Each group will get something 
different from the monograph, but each will get some- 
thing enormously worthwhile.’ 


180 pages, 40 illustrations. $9 


A NEW BOOK 
CLINICAL HEART DISEASE 
By Samuel Oram, MD, FRCP 


Here is a comprehensive text which touches on all 
aspects of clinical cardiology from embryology to 
cardiovascular surgery. This well-produced volume is 
clearly written and liberally illustrated. 


The close correlation between altered embryologic 
development and various congenital entities is dem- 
onstrated in the material dealing with the embryol- 
ogy and anatomy of the cardiovascular structures. 
Several excellent chapters deal with physical diag- 
nosis in exacting detail. There are also noteworthy 
chapters dealing with congenital heart disease, 
primary myocardiopathies, and heart disease com- 
plicating pregnancy. Anticoagulants and clotting 
mechanisms are thoroughly discussed. 

A singular feature of the book is the list of ‘Salient 
Features’ at the end of each chapter, summarizing 
the main points covered in that chapter. Also following 
each chapter is a useful bibliography of selected 
reading. The appendix contains a set of tables with 
normal cardiorespiratory findings. 


928 pages, 572 illustrations. $42 


A PRACTICE OF CARDIAC CATHETERIZATION 
By David Mendel, MB, MRCP. 


362 pages, 67 illustrations. $12.25 


the carciac: patient 


NEW! 
THE DISORDERS OF CARDIAC RHYTHM 
By Leo Schamroth, MD, DSc, FRCP, FACC 


In this important new work, Dr. Schamroth takes the 
subject of arrhythmias out of the realm of abstruse 
academic exercise and places it squarely within the 
comprehension of clinicians and students. 


All aspects of disordered cardiac rhythm are covered 
clearly and concisely . . . manifestations, the basic 
mechanisms involved, clinical significance, with in- 
valuable notes on differential diagnosis and treatment. 
Also discussed are recent concepts such as sino- 
ventricular conduction, the idiofocal tachycardias, and 
the Wedensky Phenomena, as well as such contro- 
versial subjects as the re-entry theory and the 'super- 
normal’ phase of conductivity. 


‘Correlative Essays’ at the end of each section serve to 
bring together various common and fundamental 
principles. The book contains a large section of 
illustrative electrocardiograms, with a detailed anal- 
ysis of each. 


664 pages, 99 illustrations, plus 184 electrocardio- 
graphic case illustrations. $42 


NEW (Fourth) EDITION 

AN INTRODUCTION TO 
ELECTROCARDIOGRAPHY 

By Leo Schamroth, MD, DSc, FRCP, FACC 

This popular and practical introduction to electro- 
cardiography now appears in a new and extensively 
revised edition. The basic organization of the book 
remains the same, and once again the work is char- 
acterized by the author's clear, concise text, the lucid 
diagrams and the logical arrangement of the subject 
matter. It is an ideal basic text for an introductory 
course in interpreting electrocardiograms. 

The sections on P wave axis, potassium effect, A-V 





block and the Wolff-Parkinson-White syndrome have 
been significantly expanded. New sections have been 
added on idioventricular tachycardia, idionodal 
tachycardia, hypothermia, ventricular flutter and the 
action potential of pacemaking and non-pacemaking 
cells. 


The emphasis of the book remains on deductive, 
rather than empirical, interpretation of the electro- 
cardiogram as a diagnostic tool. 


226 pages, 191 illustrations. $7 


NEW! 

FROM CARDIAC CATHETERIZATION DATA 

TO HEMODYNAMIC PARAMETERS 

By Sing San Yang, MD, Lamberto G. Bentivoglio, 

MD, MS (Biomedicine) Vladir Maranhao, MD, and 
Harry Goldberg, MD 


Here is a new book designed to help the clinician 
convert raw catheterization data into meaningful 
parameters. 


As the authors point out, techniques of catheterization 
and interpretation of the processed data are available 
in existing texts. Manufacturers' instruction manuals 
provide information on instrumentation and on collect- 
ing and calibrating the analog signals therefrom. 
Books on laboratory techniques supply information on 
physical and chemical analysis of samples. 


What is offered in this new text are many practical 
formulas which will enable the practicing physician— 
cardiologist or internist—to quickly develop further 
information from the hemodynamic data to which he 
is exposed. There is also information on measurement 
and calculations using non-traumatic methods such 
as phonocardiography, echocardiography, sphygmo- 
cardiography and apexcardiography. 

318 pages, 129 illustrations. $12 


F. A. DAVIS COMPANY - Blackwell Scientific Publications 
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Please send me, on 10 days' approval: 

Cardiovascular Clinics: [] Vol 3. $27.50. 
Individual Nos. 

[] Medical and Surgical Cardiology. C/e/and. $38.50 

[] Postoperative Cardiac Intensive Care. Braimbridge. $9 

[] Clinical Heart Disease. Oram. $42 

[] Practice of Cardiac Catheterization. Mendel. $12.25 


NAME 


F. A. DAVIS COMPANY, 1915 Arch Street, Philadelphia, Pa. 19103 


[] Vol 2. $27.50 [] Vol 1. $27.50 


ADDRESS 


AJC 2/72 


at $12 
O The Disorders of Cardiac Rhythm. Schamroth, $42 
[] An Introduction to Electrocardiography. Schamroth. $7 
[] From Cardiac Catheterization Data to 
Hemodynamic Parameters. Yang. $12 
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THEY DO 


Sell you equipment 


YOU MUST DO 


Initial investment of receiving equipment 
Initial investment of transmitting equipment 
Service and maintenance of equipment 
Set up laboratory space 

Hire and specially train technicians 

Install special phone lines (Toll Free if you 
want to be like us) 

Set up 24 hour, 7 day a week emergency 
service 

Purchase additional liability and 
malpractice insurance 

Set up billing relationship with third 

party insurers 

Bill patient and third party insurers 


YOU GET 
Information on impending battery 
failure only 


WE DO 


Supply & maintain all equipment 

Supply toll-free phone lines for patients 
Supply 24 hour—7 days a week service 
Supply full staff of trained technicians 

Supply complete insurance protection 

Take responsibility for all insurer relationships 
All billing made directly to third party 


YOU MUST DO 


Send us prescription 


YOU GET 


Information on impending battery failure plus 
pulse correlation 
Complete analysis by qualified 
Cardiologist: 
e Rate in milliseconds 
e Graph of rate change 
e Pacer-Pulse capture recording 


Determination on whether 
Pacemaker is actually 
capturing heart 


Instant notification of emergency situation 


CHOOSE US? 


Send in the coupon below or cal! us collect today (215) 665-0700 


- 


CARDIAC DATACORP., INC. 
Department CD 2-B 

1705 Walnut Street 
Philadelphia, Pa. 19103 


— HÓA p m un a QD aan ED a a 


O Please send me full information on the Pacemaker 
Evaluation System. 


[] Please have your representative call. 








NAME 
(please print) 
ADDRESS 
CITY STATE ZIP 
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Calcium Chloride injection, U.S.P 

Dextrose injection, U.S.P. 

Epinephrine injection, U.S.P. 

Isoproterenol HCI injection, 
USP: 

Lidocaine injection, U.S.P. 

Sodium Bicarbonate injection, 
7.5% solution 








Emergency Medication System 
saves minutes that may save lives. 


Prefilled emergency medication: It’s so easy to use, you 
may not believe it until you’ve tried it. Tear open the 
package. Pop the plastic caps off the two basic parts 
(vial and injector). Thread the vial into the injector. 
Remove the plastic needle guard. Expel the air. It’s 
ready for use. Total time: 15 seconds. It takes longer 
to tell it than to do it. 


Ask your Bristol representative for a demonstration and 
complete list of medications available in the Bristol 
Emergency Medication System. 








RISTOL EMERGENCY 
MEDICATION SYSTEM 


See the Bristoject at the convention, March 2-4, in Booth 269-270. 








The first 

ECG safe enough, 
accurate enough 
to exceed ALL 
requirements 
recommended by 
the American 
Heart Association: 
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The Evolutionary ECG 


ambridge VS4 


Cambridge, which produced the first 
clinical Electrocardiograph in 1910, 
introduced metal electrodes and the 
first portable ECG in 1930, invented 
curved platen writing, manufactured 
the first all solid-state instrument, 
now presents the most highly evolved 
ECG in the world — VS4, incorporat- 
ing advancements which establish a 
new "state-of-the-art." 


Unprecedented patient and 
operator safety 


Designed to exceed all AHA, U.L. and 
C.S.A. safety requirements. Leakage 
current never more than 3 micro- 
amperes, even when used with an 
ungrounded or incorrectly wired 
electrical outlet. Fully protected 
against Diathermy interference and 
Defibrillation currents. 


Accuracy 

The only instrument that satisfies a// 
AHA performance and standardiza- 
tion requirements. 


Fast, easy operation 

Truly instant start: No warm-up. 
Fully stabilized recordings in only 
Yo a second. 


Drop-in paper loading: Cassette 
simplicity — no threading; impossible 
to damage stylus. Takes any width 
paper. Self-aligning drive. 

Rugged and functional: Compact, 
lightweight. All-metal precision, die- 
cast construction. Rosewood trim. 
Permanently etched panel markings. 
Controls arranged for simplest 
operation. 






Revolutionary Fiberglas® Stylus 
Strongest ever. Chromel wire tip for 
constant baseline intensity (no light 
or burnt spots) — and crisp definition. 
Simple to replace; no soldering 
needed. 


Superior New Electrode Cream 
First to successfully combine 
cosmetic quality with excellent 
electrical performance. 


Complete Accessory Line 
Supplied with all standard accessor- 
ies, plus dust cover. Optionals: 
Carrying Case, Mobile Cart, Heart 
Sound/Pulse Wave Attachment, 
Telephone Transmitter, etc. Compre- 
hensive range of recording supplies. 


Nationwide Sales and Service Net- 
work. 


For further information contact your 
local Cambridge Field Sales Office 
or Representative. 


Cambndge 


Medical Instrument Division 

& George Kent Inc. 

73 Spring St., Ossining, New York 10562 
(914) 941-8100 

Offices in Albany, N.Y., Atlanta, Ga., 
Chicago, Ill., Boston, Mass., St. Louis, Mo., 
Long Beach, Calif., Cleveland, Ohio, 
Philadelphia, Pa. 


* Pubin. No. AHA EM 198 


Patents Pending 


Ls 


PATIENT MONITOR SCOPE/PRINTOUT 
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HELIUM IN/OUT 


The Kantrowitz Balloon Pump 
System for cardiac support. 


Intra-aortic balloon pumping with the 
Kantrowitz System has been performed in trial 
with patients for three years in the treatment 
of pharmacologically refractory cardiogenic 
shock and for circulatory support prior to and 
following coronary surgery. 


With appropriate adjunctive management, 
phase-shift balloon pumping.improves coronary 
flow and cardiac output while decreasing 

the left ventricular tension-time index. 

The procedure has supported a patient for 

as long as 20 days. 


The system, developed by Dr. Adrian 
Kantrowitz and associates, is in use at 


numerous medical centers where clinical 
studies are underway or new applications are 
being explored in experimental laboratories. 
Nine of these medical centers are participating 
in a grant-funded cooperative study, now in 

its second year, to evaluate the physiologic 
effects of this method of ventricular assistance 
and to assess its usefulness as a treatment for 
cardiogenic shock in a clinical setting. 

The Kantrowitz System and the procedure 
associated with its use are described in an 
8-page brochure, which can be obtained from 
Milton Roy Company, P. O. Box 12169, 

St. Petersburg, Florida 33733. 

Telephone (813) 544-2581. 


MILTON ROY 
COMPANY EA 


ST. PETERSBURG, FLORIDA Bm 
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the original 
electrode cream 


BURTON, PARSONS & UO., INC. 


Manufacturers of Ethical Pharmaceuticals Since 1885 
Washington, D.C. 20027 











the pace 
of progress 
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GENERAL QA ELECTRIC 


General Electric’s new 
extended-life 
asynchronous 
pacemaker 


GENERAL GO) ELECTRIC 
ASYNCHRONOUS 


PULSE GEN 


ERATOR 


Made in U.S.A. 


The asynchronous that 
gives you the choice. 


Into this single, more compact 
unit, General Electric has 
incorporated features no 

other pacemaker has, Features | 
that give longer unit life, plus 
new power and pacing | 
redundancy for greater patient | 
safety. And the implanting 
physician now has important 
options he’s never had before. 


This basic model gives him 
the choice of dual energy 
outputs and bipolar/ unipolar 
pacing modes—a combination 
found in no other pacemaker. 


The pacemaker signals the 
change by dropping its pacing 
rate about 2 ppm. At this point, 
approximately 60% of the 
pacemaker's life is expended. 


Because there is no switching 
back and forth between two 
power sources, as in some 
other asynchronous units, the 
rate change can thus be 
used to signal depletion of 
battery power. 


Dual power source. 


In this unit, two battery celis 
pace the heart while two others 
are held in reserve. When the 
energy in the first two cells is 
nearly depleted, the pulse 
generator switches automati- 
cally to the reserve cells. 


Tet 


Dual pacing energy. 


In the new Asynchronous, the 
pulse generator can be set at 
either low or high energy 
output modes. In low output 
mode, pulse generator life 
will normally be 3-5 years. For 
patients exhibiting high 
threshold either during or 
after implantation, the 
generator can be set in the 


3 high energy mode. Operation 


in this mode increases current 
drain—reducing pacemaker 
life to 3-4 years. 


Dual pacing modes. 
Simply by removing an 
insulating label, the implant- 
ing physician who prefers 
unipolar pacing can convert 
the pacemaker system from 
bipolar to unipolar operation. 
In cases where the bipolar 
threshold is too high, or when 
one lead breaks, conversior to 
unipolar operation is quicklv 
and easily accomplished 

—for the first time with 

any pacemaker. 





[c 
rate / interval - 


computer system 


The only one made by a 
pacemaker producer. 


Now you can check your 
patient's pacemaker—over the 
phone, between regular 

office visits. 


With General Electric's new 
Rate/ Interval Computer 
System, the pacing rate and/ 
or interval of a patient's 
implanted generator can be 
checked simply and quickly — 
in the office and over regular 
phone lines. The patient can 
also check his own rate; he 
gets the GE sensor with his 
pacemaker. jum 


Our Rate/Interval Computer is 
accurate within one-tenth beat 
on pulse rate and one-tenth 


Ux 
S 
Prasat 


millisecond on interval, in 
person or over the phone. And 
it is only a fraction of the cost 
of competitive instruments. 


To complete the system, GE 


provides a Pacemaker Patient 
Data book which facilitates 


' Complete record maintenance. 
| The Pacemaker Sensor, Rate/ 


Interval Computer and Patient 
Data book comprise a 
package unique in the 
industry. It's the only patient 
management system made by 
a pacemaker manufacturer. 


This General Electric System 
assures maximum utilization of 
pulse generator life, minimizes 
emergency replacements and 
permits scheduled elective 
changes. Result: Improved 
pacemaker patient 
management. 


General Electric 
Medical Systems 
Milwaukee, Toronto, Liege 


GENERAL @@ ELECTRIC 





General Electric 

has set the pace | 
in pacemaker 
technology: 





e first with a self-sealing 
connector-still the easiest 
to use 

e first with an induction rate 
control capability in 
pacemaker design 

e first with a stainless silver, 
helically-wound electrode 
that can stand stretching, 
kinking, and tying 

e first with a coaxial 
catheter 

e first with a pacemaker 
adaptable to threshold 
analysis after implantation 


e first with a Standby 
pacemaker with rate 
hysteresis 

e first to incorporate triple 
interference rejection 
circuitry in Standby 
pacemakers for patient 
safety 


When you buy GE, you 
buy round-the-clock 
pacemaker service. 


General Electric pacemakers 


are available through 84 
offices in the United States 


and Canada. When you need 
technical assistance—any 
hour, day or night— we deliver. 
General Electric is the only 
producer of complete 
pacemaker systems—from 
implantation to pacemaker 
patient management. 


General Electric 
Medical Systems 
Milwaukee, Toronto, Liege 
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Introducing 
Nitr OStat nitroglycerin) 
“potency-protected” 
sublingual nitroglyceri 
tablet 








Thanks to a unique manufacturing process, Parke-Davis no) 
offers a stabilized sublingual nitroglycerin tablet of more unifor 
potency. Migration of nitroglycerin into packaging materials anc 
from one tablet to another is reduced. Your angina patients can | 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglyt 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- « 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 
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@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.89% label claim; 
average—104.49% 


-9- Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 i Assay range—four additional lots stored without 
filler in bottle 


i Assay range—four additional lots stored with 


30 E filler in bottle 
PARKE-DAVIS of 
PARKE, DAVIS & COMPANY Label 


Detroit, Michigan 48232 Claim 


PA-665 11377 


It's a defibrillator. 

It's a complete monitoring 
and diagnostic ECG system.. 

It's an ECG recorder. 

It's a rate meter with alarms. 

It’s a synchronizer. : 

It’s a complete ICU-CCU 
acility integrated into a single 
)ortable unit. 

It's Life-Pak/911...the 
atest addition to the Physio-Control 





You can tell it's one of the family. 
LIFE-PAK/911 has our battery-powered 
Life-Pak/33's* exclusive Quik-Look® feature... 
an instant ECG reading through the 

& defibrillator paddles.* 

LIFE-PAK/911 operates with the same 
foolproof single-switch charging control you 
get on our modestly priced Series 70 
defibrillator. 

LIFE-PAK/911 offers the same syn- 
chronizer that comes in our Model 092 
all-purpose line-powered defibrillator. 

LIFE-PAK/911 combines dozens of the 
best inherited characteristics its ancestors have 
to offer, including a few family traits that 
have been a part of every defibrillator we've 
ever built: Maximum safety, ease of operation 
and performance-proven dependability. 

So what's new? What's new is, nobody 
ever put this many cardiac care functions into 
a single unit before (defibrillating, full limb 
lead capability with complete patient isolation 
in both monitoring and diagnostic modes, 
synchronizing, rate meter with alarms, ECG 
recorder)... À unit you can really move 
around...A unit that becomes a complete 
auxiliary ICU-CCU, wherever you plug it in! 
Try that on your old crash cart! 

Actually, there are 4 new LIFE-PAK/911 
models to choose from: 

Model *P"—defibrillator-cardioscope 

Model **Q"—defibrillator-cardioscope 
and recorder 

Model **R^"—defibrillator-cardioscope, 
rate meter and synchronizer 

Model *S"— defibrillator-cardioscope, 

— rate meter, synchronizer and recorder 

And what about Model “T”? If you 
haven't already guessed, that's our LIFE- 
PAK/911 CART. Any color, so long as 
it's white. 

If vou'd like to get all the details about 
the new LIFE-PAK/911, or any other member 
of the Physio-Control defibrillator family, or 
if you have any question at all about 
defibrillators, don't ask anyone but the 
world's leading defibrillator manufacturer. 
Contact Physio-Control Corporation, 

2607 Second Avenue, Seattle, Wash. 98121, 
or phone (206) 624-4824. Telex 32-0166. 
*Life-Pak and Quik-Look are registered trademarks of 


Physio-Control Corporation. Quik-Look feature patented 
under U.S. Patent No. 3,547,108. 






Life-Pak/33 





Model 092 


C Physio-Control 





hypothyroidism in 





cardiac patients who 


cannot tolerate 


other types of 


thyroid medication: 


Choloximn 


sodium dextrothyroxine) sun 


INDICATIONS: THIS IS NOT AN INNOCUOUS DRUG. STRICT ATTENTION SHOULD 
BE PAID TO THE INDICATIONS AND CONTRAINDICATIONS. Indicated for treatment 
of hypercholesterolemia in euthyroid patients with no known evidence of organic heart 
disease. Also indicated for treatment of hypothyroidism in patients with cardiac disease 
who cannot tolerate other types of thyroid medication. 

CONTRAINDICATIONS IN EUTHYROID PATIENTS: 1) Known organic heart disease, 
including angina pectoris; history of myocardial infarction; cardiac arrhythmia or tachy- 
cardia, either active or in patients with demonstrated propensity for arrhythmias; rheuma- 
tic heart disease; history of congestive heart failure; and decompensated or borderline 
compensated cardiac status. 2) Hypertensive states (other than mild, labile systolic 
hypertension). 3) Advanced liver or kidney disease. 4) Pregnancy. 5) Nursing mothers. 
6) History of iodism. 

A relative contraindication is impaired liver or kidney function; when either or both 
are present, the advantages of sodium dextrothyroxine therapy must be weighed against 
the possibility of deleterious results. 

WARNINGS: BECAUSE THE EFFECTS OF ANTICOAGULANTS MAY BE POTEN- 
TIATED, REDUCE DOSAGE OF ANTICOAGULANTS BY ONE-THIRD ON INITIATION 
OF THERAPY AND READJUST AS NECESSARY ON THE BASIS OF WEEKLY TESTS 
OF PROTHROMBIN TIME. CONCENTRATION OF FACTORS VII, VIII, IX, AND PLATE- 
LET ACTIVITY SHOULD ALSO BE MONITORED, SINCE THESE FACTORS MAY BE 
DECREASED. CONSIDER WITHDRAWAL OF CHOLOXIN 2 WEEKS BEFORE SURGERY 
IF USE OF ANTICOAGULANTS IS CONTEMPLATED. 

Careful consideration of dosage schedule in hypothyroid patients with cardiac disease 
is required, and the drug should be withdrawn or dosage reduced if aggravation of angina, 


increased myocardial ischemia, cardiac failure, or clinically significant arrhythmia 
develops. Hypothyroid patients are more sensitive than euthyroid patients, especially 
if treated concomitantly with other thyroid preparations. Special consideration must be 


given to the dosage of the hypothyroid patient. 

Thyroid preparations may enhance the effects of epinephrine injections, predisposing 
to arrhythmias or coronary insufficiency. Drug withdrawal or careful observation of 
patients receiving such injections is recommended, especially before elective surgery. 
In diabetic patients, increased blood sugar levels may be observed, requiring upward 
adjustment of antidiabetic drug dosage, and subsequent readjustment if dextrothyroxine 
is later withdrawn. 

USAGE IN WOMEN OF CHILDBEARING AGE: Women of childbearing age with familial 
hypercholesterolemia or hyperlipemia should not be deprived of the use of this drug; it 
can be given to those patients exercising strict birth control procedures. Since pregnancy 
may occur despite the use of birth control procedures, administration of Choloxin to 
women of this age group should be undertaken only after weighing the possible risk to the 
fetus against the possible benefits to the mother. Teratogenic studies in two animal 
species have resulted in no abnormalities in the offspring. 

PRECAUTIONS: Unusually high PBI values are common in treated patients and are not 
evidence of hypermetabolism. In children, use only when a significant cholesterol- 
lowering effect is observed. Withdrawal is indicated if iodism or new cardiac signs 
or symptoms develop. 


FLINT LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES, ‘NC. 
Morton Grove, Illinois 60053 
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ADVERSE REACTIONS: For the most part due to increased metabolism and thus more 
common in the hypothyroid patient, especially the hypothyroid cardiac. Cardiac changes 
have rarely been precipitated in nen-cardiac patients: Angina pectoris (0.2% incidence), 
arrhythmia (0.596), myocardial ischemia (<0.1%), cardiomegaly (<0.1%), fatal and non- 
fatal myocardial infarctions (<0.2%): Insomnia, nervousmess, palpitations, tremors, 
weight loss, lid lag, sweating, flushimg, hyperthermia, hair loss, changes in bowel habits, 
diuresis, and menstrual irregularities may also be related to the metabolic action. A few 
patients developed itching and skin rashes, apparently from iodism. 

Dyspepsia, nausea and vomiting, and changes in appetite occurred in less than 196. 
Headache, changes in libido, hoarseness, tinnitus, dizziness, peripheral edema, malaise, 
tiredness, visual disturbances, psychic changes, paresthesia, muscle pain and bizarre 
complaints were reported in less than 195 of treated patients. Gallstones were newly 
discovered in 13 patients, and cholestatic jaundice in one, although relationship to drug 
therapy was not established. In a total of 19 patients, pre-existing peripheral vascular 
disease, exaphthalmos, retinopathy, and disturbed sensorium continued to worsen. 
Cerebrovascular accidents, thrombophlebitis, and G.I. hemorrhages each occurred in less 
than 1% of patients, but there appears to be no relationship to dextrothyroxine therapy. 

In the nearly 3,000 patients studiec, the withdrawal rate was less than 396. 

DOSAGE RECOMMENDATIONS: For ac ult hypercholesterolemic patients, the recom- 
mended maintenance dose of Cholexin is 4.0 to 8.0 mg. per day. The initial daily dose 
should be 1.0 to 2.0 mg. to be increased im 1.0 or 2.0 mg. increments at intervals of not 
less than one month to a maximum level of 6.0 to 8.0 mg. daily, if that dosage level is 
indicated to effect the desired lower:ng af serum cholesterol. When used as partial or 
complete substitution therapy for levothyroxine in hypothyroid patients, the more 
conservative dosage schedule is recommended. 

For pediatric hypercholesterolemic patienfs, the recommended maintenance dose of 
Choloxin is approximately 0.1 mg./kg The initial daily dosage should be approximately 
0.05 mg./kg., to be increased in 0.05 mg./kg. increments at monthly intervals. The recom- 
mended maximal dose is 4.0 mg. daily, if that dosage level is indicated to effect the desired 
lowering of serum cholesterol. 

If new signs or symptoms of cardiac disease develop during the treatment period, the 
drug sheuld be withdrawn. 

HOW SUPPLIED: Choloxin brand of sodium dextrothyroxine is supplied in prescription 
packages of 30 and 100 scored, 2 mg. (yellow) and 4 mg. (white) tablets. 


An Important Note: It has not been established whether 
drug-induced lowering of serum cholesterol or other lipid 
levels has a detrimental, a beneficial, or no effect on the 


morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations can yield an answer to this cuestion. 








System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 


Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 


Our intra-aortic balloon* is unique. The Dual- 


Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data! show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 
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Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping withoute ex- 
ternal power. 

Call us at area code 201-845-7650. Or write tc 
Datascope Corporation. 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent 73,347,452 
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Introducing safety 
. that surpasses any standard 


. for heart monitoring. 


And the remarkable 
isolator that does it for 
any monitor. 


The Datascope Isolator. It eliminates any conductive 
path between patient and monitor. Any monitor. With 
a solid half-inch block of plastic. Which gives true isola- 
tion. Even during defibrillation or electro-cautery. 

Our Isolator is also isolated from the power line. 
Completely. Because it's battery-powered. And because 
it uses so little power, the batteries are guaranteed to 
last two years. 

It's even isolated from itself. Because the case is 
plastic too. Sealed and tamper-proof. 

With our Isolator, there's no ground electrode. Now 
you need only two electrodes for monitoring. Instead 
of three. Which means the electrodes you won't buy 
pay for the safety you will buy. 

Call us at 201-845-7650. Or write to Datascope Cor- 
poration, 520 Victor Street, Saddle Brook, New Jersey 
07662. We'll be happy to send you complete informa- 
tion about safety and the Datascope Isolator. For your | 


mnn The Datascope Isolator 











DATASCOPE 


Patient Safety 
Isolator 





New Batteries Required 
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Ancient man used nature's early warning systems to ward off 
premature death. In 390 B.C., geese saved the lives of Roman 
guards at the temple of Juno by alerting them to the stealthy 
advance of the Gauls. 


Pekingese dogs, Siamese cats, peacocks, even guinea fowl have 
served as watch keepers against unheralded attack. 


Modern man has VIDA, a pocket-sized, portable cardiac monitor 
designed to give advance notice of impending ventricular fibril- 
lation during normal day to day activities. 


for details write to: 


(CN smoicornamice, inc 


6990 VILLAGE PARKWAY, DUBLIN, CALIFORNIA 94566 (415) 828-9400 
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After the classic 
"2-Step" Test aids 
in a diagnosis of 
angina, long-acting 
Nitro-Bid^ 
(nitroglycerin) is a 
logical third step. 
Here's why. 


... long-acting 
ohean 
preparations... 
are...very good." 


Another patient benefit product from lava| M 


In angina secondary to 
arteriosclerotic heart 
disease, long-acting 
Nitro-Bid® (nitroglycerin) 
therapy assists in the “total: 
management’ of your patient. 
Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina attacks 

. increase exercise . 
tolerance. 


"In nocturnal 


angina, the - 
long-acting 
nitroglycerin 
preparations have 
been very helpful."' 


Long-acting Nitro-Bid 
Plateau CAPS? provide a 
metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
ue quite an 


asset... 

Nitro-Bid 2.5 and Nitro-Bid 
6.5 capsules afford two 
dosage strengths for 
convenience in increasing 

or decreasing dose to accom- 
modate patient symptoms. 
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nitr lycerin 2. 5 i 
prog CAPS” 
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(nitroglycerin 6.5 E 
Plateau CAPS? 


Professional Use Information 


Indications: For prophylactic use in 
angina pectoris. 

Contraindications: Early myocardial 
infarction, severe anemia. glaucoma, 
increased intracranial pressure. 
idiosyncrasy. 

Precautions: For ORAL. not sublingual 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance máy develop on long-term 
usage. 

Adverse Reactions: Occasional transient 
headaches. Overdose may cause flush- 
ing, headaches, tachycardia. dizziness. 
Dosage: One capsule two or three times 
daily at 8 to 12 hour intervals. 
Reference: 

1. Master. A. M.: The management of 


angina pectoris. Modern Medicine 
38:92-100 (Feb 23) 1970. 


LABORATORIES, NC 
KANSAS CITY, MO. 64 
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Swan Ganz |è 9: s 
Computer 


Digital displa 
of cardiac outp 


The new Swan-Ganz™ Cardiac Output Computer saves valuable 
minutes by electronic processing of flow data obtained from the 
Swan-Ganz™ Flow-Directed Thermodilution Catheter. Cardiac 
output is shown on the digital indicator after injection of cold solution 
into the right atrium or superior vena cava. No pre-calibration is 
necessary. At bedside, the lightweight, space-saving Cardiac Output 
Computer provides direct digital readout in liters per minute. Among 
other features: built-in test for catheter circuitry and a built-in battery 
charger. The versatile Swan-Ganz Flow-Directed Thermodilution 
Catheter offers a fast, single-insertion means of measuring pulmonary 
artery and pulmonary wedge pressures, right atrial pressure and 
sampling from either the right atrium or pulmonary artery, as well as 
injection of a cold solution, and computed digital readout of cardiac 
output. No need to move a critically ill patient from ICU, CCU, 

or Emergency Room; fiuoroscopy is not required. When time saved 
may mean a life saved, look to the automated teamwork of the 
Swan-Ganz Thermodilution Catheter cabled to the Swan-Ganz 
Cardiac Output Computer. Another “Better Way” from 

Edwards Laboratories. 
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E] EDWARDS LABORATORIES 
Division of American Hospital Supply Corporation 
[  ] FINDING BETTER WAYS 


17221 Red Hill Avenue, Santa Ana, California 92705 
RR ® Telephone 714-557-8910, Cable Address: EDSLAB 
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via the thermodilution method 


2 Inject cold indicator solution 
3 Measure central venous pressure 
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| Inflate Flow-Guided Balloon 
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A 4 Measure temperature change 
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P 6 Measure pulmonary artery pressure 


Ni 
ie N - 7 Measure pulmonary wedge pressure 


The Swan-Ganz™ Cardiac Output Computer, Swan- 
Ganz™ Flow-Directed Thermodilution Catheter 

and Connecting Cable ( Model 9400) provide 

all instrumentation required for determining 

cardiac output by the thermodilution method — the 
time-saving procedure requiring no pre-calibration. 





-— 


__ Literature on request to Edwards Laboratories 
— To be exhibited March 2, 3, 4 during the American College of Cardiology Meeting. 
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The clinical response to nitroglycerin was correlated with the results 
of coronary angiography in 70 patients with chest pain of the anginal 
type: 49 patients with coronary artery disease and 21 without demon- 
strable cardiac disease. Of the patients with coronary disease, 76 
percent were regularly relieved of pain in 3 minutes or less; 16 per- 
cent required more than 3 minutes for relief; and 8 percent were not 
relieved by the drug. Of the patients without coronary disease, only 
19 percent consistently obtained relief in 3 minutes or less. Patients 
with coronary disease whose response to nitroglycerin was delayed 
or absent tended to have more frequent and intense pain, more coro- 
nary arteries involved by obstructive lesions and more hemodynamic 
or wall motion abnormalities than those who had prompt relief. Severe 
or bizarre side effects were common in patients without coronary dis- 
ease but rare in patients with disease. It is concluded that 90 percent 
of patients with recurrent, angina-like chest pain who exhibit a 
prompt response to nitroglycerin have coronary artery disease; a de- 
layed or absent response paradoxically indicates either absence of 
coronary artery disease or unusually severe disease and angina. 


It has been known since 1879 that nitroglycerin alleviates angina 
pectoris.! Because of its therapeutic efficacy in this condition, the 
clinical response to the drug is frequently utilized as a diagnostic 
test to differentiate pain due to coronary artery disease from pain 
of other origin. However, definition of the positive response to 
nitroglycerin has been formulated by clinicians whose careful 
observations of the drug's effects were usually made without ob- 
jective evidence of the presence of significant coronary artery dis- 
ease in their patients.!-* 

The recent advent of coronary angiography** has permitted 
the accurate diagnosis of coronary artery disease during life. 
Application of this technique has uncovered a group of patients 
with a pain pattern compatible with angina pectoris but no visible 
obstructive coronary artery lesions on angiograms.’ Identifica- 
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TABLE | 


Questions for Assessment of Clinical 
Response to Nitroglycerin 





. How long have you been using nitroglycerin? 

. How often is nitroglycerin taken? 

. Dosage? 

. Does nitroglycerin relieve pain? All types of pain? Is relief 

complete or incomplete? 

5. How long after nitroglycerin is taken is pain relieved? 

6. Is there a difference in effect of nitroglycerin taken near 
onset of pain rather than after several minutes? 

7. Do you presently, or have you ever, experienced headaches 
with nitroglycerin? If so, describe headaches. 

8. Have you ever experienced dizziness or faintness or any other 
unusual sensations after nitroglycerin? 

9. Did propranolol or long-acting nitrate or nitrite preparations 

affect response to nitroglycerin? 


> wh Lm 





tion of this group raises the question of whether 
previous reports of the effects of nitroglycerin in 
angina were sufficiently accurate, inasmuch as 
some of the patients observed may not have had 
coronary artery disease, whereas others, with 
atypical symptoms, may have had unrecognized 
coronary disease. 

This study was designed to assess the value of 
the subjective response to nitroglycerin, reported 
in a standardized interview, as an aid to diagnos- 
ing obstructive coronary artery disease. Response 
to the drug was correlated with the results of coro- 
nary angiography in 70 patients with chest pain of 
the anginal type. The population comprised 49 pa- 
tients with coronary artery disease and 21 patients 
without demonstrable coronary lesions. 


Methods 


The 70 subjects were admitted to the Peter Bent 
Brigham Hospital for cardiac catheterization and coro- 
nary angiography. All had been diagnosed by their re- 
ferring physician as having probable or possible coro- 
nary artery disease with angina pectoris, and all had 
used nitroglycerin, There were 18 women and 52 men 
ranging in age from 30 to 68 years. The duration of 
symptoms ranged from 2 months to 14 years. 

Each patient was carefully questioned about his ex- 
perience with nitroglycerin. A printed form was com- 
pleted by the questioner (one of us) to assure uniform 
and complete gathering of information (Table I). In 75 
percent of cases neither the questioner nor the patient 
knew the results of the cardiac catheterization at the 
time of the interview. The frequency and duration of 
usage of nitroglycerin and its effectiveness in relieving 
the patient’s chest pain were ascertained. The tem- 
poral relations among onset of pain, ingestion of nitro- 
glycerin and relief of pain were elicited, The incidence 
of headache, dizziness, syncope and other side effects of 
the drug was noted. Inquiries were made as to whether 
nitrite, nitrate preparations or propranolol influenced 
response to nitroglycerin. In all patients who reported 
a delayed or absent response, a careful inquiry was 
made concerning: freshness of tablets and adequacy 
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of dosage. No patient had used tablets more than 1 
year old; almost all patients used 0.3 or 0.4 mg tablets, 
and virtually all had tried more than 1 tablet at a time 
in search of relief. 

Selective coronary angiography by either the Sones’ 5 
or Judkins® technique was performed on all subjects. 
A General Electric or Siemens image intensé¢fier sys- 
tem and 16 mm film were used. Multiple projections of 
each artery were obtained. The films were reviewed by 
several observers and were judged in each instance to 
be of adequate quality for accurate morphologic diag- 
nosis. Disease in a coronary artery was considered sig- 
nificant if there was total occlusion or stenosis constrict- 
ing the lumen by more than 75 percent. Vessels were de- 
scribed in terms of 1, 2 or 3 vessel involvement, refer- 
ring to the 3 major coronary arterial systems: left 
anterior descending, left cireumflex and right coronary 
arteries, The presence or absence of collateral channels 
filling diseased vessels was carefully noted by (1) 
direct visualization of accessory blood vessels either 
filling the distal segment of an occluded or severely 
stenotic artery, or subserving the area of myocardium 
that would ordinarily be supplied by the severely ste- 
notic artery; and (2) visualization of a coronary artery 
after injection of contrast material into the contralat- 
eral vessel. 

Right- and left-sided cardiac pressures were mea- 
sured with Statham P23Db transducers. Cardiac out- 
put was obtained with the dye-dilution technique, 
utilizing indocyanine green dye as the indicator. Cine- 
ventriculography was performed in all subjects by 
power injection of 30 to 40 ml of 75 percent sodium 
and meglumine diatrizoate into the left ventricle 
through a multiple hole catheter, with the patient in the 
right anterior oblique position. Approximately 20 per- 
cent of the ventriculograms were biplane, the remain- 
der single plane. Any abnormal patterns of contraction 
were noted, such as diminished or absent motion of a 
portion of the wall, paradoxical systolic motion of a 
portion of the wall or a disturbed temporal sequence of 
contraction.® Significant hemodynamic abnormalities 
encountered consisted of increased left (>12 mm Hg) 
or right (>6 mm Hg) ventricular end-diastolic pres- 
sure or a low cardiac index (<2.5 liters/min per m2). 
No patients with significant cardiac valvular lesions 
were included in the study. 


Results 


Forty-nine patients, 42 male and 7 female, had 
obstructive coronary artery disease, and 21 pa- 
tients, 10 male and 11 female, had either morpho- 
logically normal vessels or insignificant stenosis of 
their vessels (<25 percent). Six patients without 
coronary artery disease had other demonstrable 
possible causes for pain: 3 had chronic cholecysti- 
tis with cholelithiasis, 1 had probable post-thora- 
cotomy syndrome, 1 had a fractured cervical verte- 
bra, and 1 had severe cervical arthritis. None of 
the patients with normal vessels had hemodynamic 
or wall motion abnormalities. 

Effect of nitroglycerin in patients with coronary 
disease: Thirty-seven of the 49 patients with 
coronary artery disease (76 percent) reported that 
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their pain was usually or always relieved in less 
than 3 minutes after sublingual administration of 
nitroglycerin (Table II). In these patients with 
rapid response, pain was almost always completely 
relieved without residual discomfort; 18 reported 
consistent relief in less than a minute. The group 
with rapid response included all patients with only 
1 vessel involvement (Table III). Hemodynamic 
and wall motion abnormalities were less common 
than in patients with delayed or absent responses 
to the drug (Table III). 

Eight patients with coronary artery disease (16 
percent) regularly experienced relief of pain with 
nitroglycerin only after an interval of 3 or more 
minutes. The interval was usually approximately 
5 but ranged from 4 to 15 minutes. All 8 patients 
claimed that relief with nitroglycerin was more 
rapid and complete than would have occurred spon- 
taneously without the drug. Two of these patients 
had previously been accustomed to rapid relief but 
after several years of nitroglycerin therapy for an- 
gina had noted that the drug took longer to act. Pa- 
tients with delayed response characteristically had 
unusually frequent (typically several times a day), 
unusually intense anginal pain, which tended to be 
precipitated by relatively mild exertion and often 
occurred nocturnally, postprandially or at rest. 
Relief of pain in this group was often incomplete; 
a dull ache or other residual discomfort was com- 
mon, although the intensity of the pain was no- 
ticeably diminished. These patients also tended to 
have more widespread and severe disease at car- 
diac catheterization than patients who had more 
rapid relief after administration of nitroglycerin 
(Table III). Seven of the 8 had 3 vessel disease, 
and 1 had 2 vessel involvement. Six had abnormali- 
ties of left ventricular wall motion, 2 with associ- 
ated hemodynamic abnormalities. One patient with 
normal wall motion had abnormal hemodynamics. 

Four patients with coronary artery disease (8 
percent) reported that nitroglycerin did not af- 
fect the chest pain. Of these, 1 reported that the 
drug had effectively alleviated his pain several 
years before but had gradually lost its efficacy. 
Another reported that shortness of breath, which 
usually accompanied the pain, was relieved by ni- 
troglycerin, although the pain itself was not. Three 
of these patients had obstructive lesions in all 3 
major arterial systems and hemodynamic and left 
ventricular wall motion abnormalities. All 3 were 
subject to several attacks of angina daily and ex- 
perienced pain with minimal activity. The fourth 
patient in this group had 75 percent narrowing of 
the main left coronary artery, the only lesion of 
this vessel in the study, and was classified as hav- 
ing 2 vessel disease. 

Most subjects reported that pain of all types— 
whether they occurred on exertion, after meals, 
nocturnally, at rest or in association with emo- 
tional stress—were equally well relieved by nitro- 
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NITROGLYCERIN AS A DIAGNOSTIC TEST 


TABLE Il 


Response to Nitroglycerin and Presence of 
Coronary Artery Disease 








Patients With Patients Without 
Coronary Artery Coronary Artery 
Disease (no. — 49) Disease (no. — 21) 
no % no % 
Prompt relief* 37 76 4 19 
Delayed relief 8 16 9 43 
Absent or equivocal 

relief 4 8 8 38 
Severe side effectst 7 14 9 43 





* Prompt relief = less than 3 minutes; + severe side effects = 
intense long-lasting headaches, dizziness, syncope or other 
phenomena that caused severe discomfort. Mild brief head- 
aches are not included. 


glycerin. When, as in a few patients, the pains 
were not abolished, the episodes were unusually 
severe and occurred most commonly either noctur- 
nally or while the patient was undisturbed at rest. 
Exertional pain was almost always readily re- 
lieved. Patients with a delayed response to nitro- 
glycerin were more likely to fail occasionally to 
obtain relief than those who usually gained prompt 
benefit. 

There were no statistically significant differ- 
ences in incidence of collateral vessels among the 
various groups (Table III). However, all 14 pa- 
tients with 3 vessel disease who had a prompt re- 
sponse to nitroglycerin had collateral vessels, 
whereas 2 patients with a delayed response and 1 
with no response had 3 vessel disease without col- 
lateral vessels. 

Seven patients reported that if they delayed in 
taking nitroglycerin after pain began, there was 


TABLE Ill 


Response to Nitroglycerin and Extent of Coronary Disease 


Prompt Relief* Delayed Relief No Relief 


PERSP EINA (37 Patients) (8 Patients) (4 Patients) 
Findings no. 06 no. 06 no. 06 
3 vessel disease 14 38 7 88 3 75 
2 vessel disease 18 49 1 12 f 25 
1 vessel disease 5 13 0 0 0 0 
Hemodynamic 
abnormalitiest 8 22 3 38 3 75 
Left ventricular 
asynergyt 13 35 6 75 3 75 
Collateral vessels$ 30 81 6 75 2 50 





* Prompt relief = less than 3 minutes for total or substantial 
relief of chest pain; t hemodynamic abnormalities = elevated 
ventricular end-diastolic pressures or low cardiac output; 1 left 
ventricular asynergy refers to abnormalities of left ventricular 
wall motion as defined in the text; § collateral vessels = abnor- 
mal channels visible on coronary arteriograms. 
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an appreciable interval before the pain was al- 
layed, as compared with instances in which they 
took the medication immediately. However, 31 
others could recognize no difference in effective- 
ness or time required for relief whether they took 
nitroglycerin immediately or after a delay of sev- 
eral minutes. The remaining 32 patients habitually 
took their medication immediately and were un- 
able to answer this question. 

Effect of nitroglycerin in patients without coro- 
nary disease: In this group the coronary vessels 
were either completely normal or had no stenosis 
constricting the lumen by more than 30 percent. 
No hemodynamic or wall motion abnormalities 
were detected. Four patients (19 percent) usually 
obtained relief within 3 minutes after taking nitro- 
glycerin for pain (Table II). Nine patients (43 
percent) experienced relief only after intervals in 
excess of 3 minutes, usually 5 minutes or more. Six 
patients (29 percent) reported that nitroglycerin 
was never effective. 

Two patients oecasionally had prompt relief of 
pain but often found nitroglycerin to be ineffec- 
tive. One reported that pain with exertion was of- 
ten not relieved, although nonexertional pain, 
which he sometimes experienced, was always re- 
lieved. The other was unable to describe, in terms 
of precipitating cause or intensity of pain, when 
the drug was ineffective. 

Side effects of nitroglycerin: Twenty-four of 
the patients with coronary disease (49 percent) 
regularly experienced headaches after taking ni- 
troglycerin. Ten others (20 percent) did not have 
headaches at the time of the study but recalled hav- 
ing had headaches when they first began therapy 
with nitroglycerin. The headaches ranged from 
barely noticeable to severe and were usually de- 
scribed as a “throbbing” or “pounding” sensation 
localized to the frontal or temporal regions and bi- 
lateral. Headaches usually lasted approximately 
5 minutes and seldom lasted more than 20 minutes. 
One patient with coronary disease experienced an 
episode of syncope while at stool after taking a ni- 
troglycerin tablet. Three patients with coronary 
disease reported rare episodes of dizziness with 
the drug. 

Seventeen of the patients without coronary dis- 
ease (81 percent) were subject to headaches after 
nitroglycerin. Two others (10 percent) had previ- 
ously experienced headaches. Nine of the patients 
without coronary disease (43 percent) reported 
unusual side effects (Table III). Four regularly 
experienced severe, disabling headaches that often 
lasted several hours. Recurrent dizziness after tak- 
ing nitroglycerin was reported by 1 patient. One 
subject had 2 syncopal episodes and recurrent diz- 
ziness. One subject discontinued the drug because 
it induced nausea and eructation. One reported an 
episode of severe back pain after taking the drug. 
One associated the drug with an incident in which 
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an arm suddenly felt cold and began to shake un- 
controllably. 

Several patients in the groups with and without 
coronary disease who did not usually experience 
severe headaches with glyceryl trinitrite (nitro- 
glycerin) were unable to tolerate long-ac[ing ni- 
trite or nitrate preparations because of severe 
headaches. 

Effects of other drugs, age, sex and duration of 
therapy on response to nitroglycerin: Thirty-one 
patients with coronary artery disease and 5 with- 
out disease had taken orally or sublingually ad- 
ministered long-acting nitrites or nitrates. Thirty 
patients with disease and 2 without disease had 
taken propranolol in doses ranging from 80 to 160 
mg/day. No patient reported any alteration in his 
response to nitroglycerin while receiving these 
drugs. 

Neither age nor sex appeared to be related to the 
nature of the response to nitroglycerin in patients 
with or without coronary artery disease. Duration 
of therapy was also not clearly related to response 
te nitroglycerin. Although a few patients who had 
been taking nitroglycerin for many years appeared 
to have decreased responsiveness to the drug, 
others reported consistent prompt relief despite 
long-term usage and an unchanged dosage of 0.3 
or 0.4 mg. 


Discussion 


The physiologic actions of nitroglycerin were 
first systematically investigated by Brunton and 
Tait? in 1876. Use of the drug as a remedy for an- 
gina pectoris was reported by Murrell! in 1879, In 
his lectures on therapeutics published in 1903, 
Brunton!? postulated that nitroglycerin and amyl 
nitrite were specific antagonists for anginal pain. 
Subsequently, nitroglycerin has proved to be so 
consistently efficacious in angina pectoris that re- 
sponse to the drug is of diagnostic as well as thera- 
peutic value.? | 

The clinieal diagnosis of coronary artery dis- 
ease with angina pectoris is frequently based on 
the history furnished by the patient. It is difficult 
to distinguish by this means patients with coro- 
nary artery disease from those patients who com- 
plain of chest pain of the anginal type but do not 
have angiographically demonstrable coronary le- 
sions. Since inquiry as to the effectiveness of ni- 
troglycerin in relieving symptoms is an essential 
portion of the history, it is of practical value for 
the clinician to be aware of the range of subjective 
responses to the drug and the correlation of these 
responses with the presence or absence of obstruc- 
tive coronary artery disease in a population with 
recurrent nonpleuritie chest pain. 

Response to nitroglycerin proved to have dis- 
criminatory value in identifying the patients with 
coronary artery disease. Consistent relief of pain 
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in less than 3 minutes was common in patients with 
coronary artery disease but infrequent in those 
with angina-like pain but no demonstrable cardiac 
disease. In the population studied, 90 percent of 
those who exhibited a prompt response to nitro- 
glycerin had coronary artery disease. 

Lack of response to nitroglycerin or relief of 
pain only after prolonged periods of time occurred 
in patients with or without coronary disease. An 
absent or delayed response in patients with rela- 
tively infrequent or mild angina was associated 
. with absence of detectable abnormalities. In con- 
trast, patients with coronary artery disease and 
infrequent episodes of pain almost always experi- 
enced prompt and complete relief with nitroglyc- 
erin. Sporadic failures to relieve pain were encoun- 
tered in patients with frequent severe angina. In 
such patients, nocturnal pain or pain at rest with- 
out obvious precipitating cause was most likely not 
to be relieved, but response was usual when the 
pain was associated with exertion. The higher inci- 
dence of hemodynamic and wall motion abnormali- 
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ties in patients with absent or delayed responses 
presumably reflects more serious coronary ob- 
structive disease and possibly, in some cases, 
poorer collateral flow to diseased regions. 

Headaches due to nitroglycerin were common in 
patients with or without disease, especially when 
first taking the drug. The headaches were usually 
mild and brief. Complaints of very severe or long- 
lasting headaches, syncope or bizarre reactions 
were usually associated with absence of disease. 

The pattern that emerges of the patient without 
detectable disease is one of delayed or absent re- 
sponsiveness to nitroglycerin and a tendency to 
complain of severe or odd side effects. Patients 
with coronary artery disease usually respond 
promptly to nitroglycerin and seldom complain of 
side effects. However, in an occasional patient 
with severe coronary disease the drug is ineffec- 
tive, and there is delayed or absent responsiveness 
similar to that encountered in patients without dis- 
ease, although the tendency to unusual side effects 
is lacking. 
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The evolution of 303 cases of angina in a general population sample 
of 5,127 persons was ascertained and revealed that the lot of the 
angina victim is not a happy one. Prognosis as to survival and pro- 
gression to more serious coronary manifestations was discouraging 
in men. One in 4 men with angina can expect to have a coronary 
attack within 5 years. The risk is half this for women. About 30 per- 
cent of those over 55 will die within 8 years, and 44 percent of the 
coronary deaths will be sudden. Mortality was close to that which fol- 
lows the posthospital phase of myocardial infarction. Surprisingly, 
survival in men with uncomplicated angina was no better than that 
for angina which follows an infarction. 

Angina was more likely to be the presenting complaint o? coro- 
nary disease in women (65 percent) than in men (37 percent). In 
men 45 percent of angina arose out of myocardial infarction com- 
pared to 15 percent in women. Half of those sustaining initia! myo- 
cardial infarctions had angina following it, 31 percent experiencing 
it for the first time. In those with angina who sustained an infarction, 
the angina disappeared in only 15 percent of men and no women, a 
rate lower than. the 30 percent spontaneous rate of disappearance. 
Only 23 percent of infarctions were preceded by angina. Almost 1 in 
4 myocardial infarctions were silent or went unrecognized. Such in- 
farctions were rare in persons with prior angina. 


Most previous studies of the natural history of coronary heart 
disease in general and angina pectoris in particular have been 
handicapped by an inability to obtain samples of patients which 
are representative of the total disease experience. The Framing- 
ham study has been able to a great extent to overcome this diffi- 
culty by following a large random sample of the general popula- 
tion, documenting all evidence of coronary heart disease obtain- 
able from a comprehensive medical surveillance of the population 
including biennial cardiovascular examination, review of hospital 
and physician's records, medical examiner's reports and death 
certificates. The purpose of this report is to explore the conditions 
under which angina pectoris arises, evolves, becomes complicated 
by more serious manifestations of atherosclerosis and terminates 
fatally. 


Methods 


The data to be presented were obtained as part of the National Heart 
and Lung Institute's Framingham Heart Study, which has been de- 
scribed in detail elsewhere.!-* Briefly, the Framingham study has been 
following up a cohort of 5,209 persons, initially examined from 19419 to 
1952, by means of biennial cardiovascular examinations up to the pres- | 
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ent time. This report is concerned with 14 years of fol- 
low-up experience in the cohort of the 5,127 persons 
who were found free of clinical manifestations of coro- 
nary heart disease at the time of initial examination. 

The follow-up for death has been gratifyingly com- 
plete, with less than 2 percent of subjects lost after 14 
years of medical surveillance. Follow-up for angina is 
somewhat less complete but still adequate since 85 per- 
cent of survivors have returned for every biennial ex- 
amination. Furthermore, many of those who did not 
appear for the eighth biennial examination were seen 
at a later examination. Also, hospital records were 
available if the patient had been hospitalized for a car- 
diovascular complaint in the interim between exami- 
nations. 


Diagnostic Criteria 


The clinical criteria employed for the diagnosis of 
the various manifestations of coronary heart disease 
have been reported in detail previously!-* and are sum- 
marized briefly here. 

Angina pectoris was diagnosed when symptoms of 
substernal distress of short duration (less than 15 
minutes), distinctly related to exertion or excitement 
and relieved by rest or nitroglycerin, were elicited from 
the subject who also often complained that the discom- 
fort radiated into the arms or neck. When another pos- 
sible explanation was present or the discomfort also oc- 
curred as often at rest, the diagnosis was rejected. All 
suspected cases were reviewed by another examining 
physician at the time of the clinic visit, and his opinion 
was also obtained. Interviews to elicit the symptoms 
were structured, requiring the physician to go through 
a standard series of queries which included the pres- 
ence, location and nature of the complaint, factors that 
precipitated it, its duration (usual and longest), radia- 
tion of the discomfort, its frequency and factors that 
relieved it. In addition to the 2 examiners' opinions, 
each suspected case was also reviewed by a panel of 
investigators who made the final diagnostic determina- 
tion independent of knowledge of the person's living 
habits or personal characteristics. Electrocardiographic 
abnormalities either at rest or with exertion were not 
required for the diagnosis. 

Myocardial infarction required the demonstration of 
evolution of unequivocal changes of myocardial infarc- 
tion on the electrocardiogram when compared to previ- 
ous tracings, or diagnostic elevation of serum enzymes 
indicating muscle necrosis, or both, in a clinical set- 
ting of ischemic chest pain of prolonged duration. All 
hospital protocols were reviewed by a panel of investi- 
gators. The appearance of unequivocal electrocardio- 
graphic evidence of muscle necrosis since the last bien- 
nial visit by comparing the 2 electrocardiograms was 
accepted as an unrecognized infarction when no interim 
symptoms had occurred or when atypical symptoms 
were present and regarded by neither the attending 
physician nor the victim as a possible coronary attack. 

Sudden unexpected death was diagnosed when death 
occurred under circumstances suggesting a matter of 
minutes from onset to termination and was documented 
to have occurred in under 1 hour, in persons suffering 
from no lethal disease and when no other explanation 
for the death was available. 

The coronary insufficiency syndrome was diagnosed 
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when a clinical history suggesting a myocardial infarc- 
tion was obtained but no evidence of muscle necrosis 
either on electrocardiogram or serum enzymes could be 
demonstrated. Transient ischemic electrocardiographic 
changes during hospitalization were required for this 
diagnosis. 

In this report the few cases of angina resulting from 
other causes than coronary atherosclerosis (for exam- 
ple, hyperthyroidism, anemia, aortic stenosis and re- 
gurgitation, syphilitic heart disease) have been ex- 
cluded. The intention was to study atherosclerotic an- 
gina pectoris, which in the general population accounts 
for the vast bulk of angina. Also, in these other types of 
angina it is difficult to separate the prognosis associ- 
ated with the angina from that contributed by the un- 
derlying disease. 


Methods of Analysis 


Life-table analysis was employed to determine sur- 
vival and probability of another event of coronary heart 
disease. Because of the difficulty in dating the precise 
onset of angina pectoris, it was decided to use the mid- 
point of the examination interval in which the diag- 
nosis was made as the date of onset. The status of each 
patient was then ascertained at the first anniversary of 
the onset of angina and each biennial anniversary 
thereafter. The formula used to calculate the probabil- 
ity of dying, q;, during the i'th interval after the onset 
of illness, given that the subject was alive at the be- 
ginning of the interval, is q; = d,/1; where d; = num- 
ber of deaths during the interval, and 1, — number of 
patients alive at beginning of the interval and followed 
during the interval. 

All withdrawals occurred at an anniversary so no 
corrections were needed in the formula for these cases. 

Relative mortality was calculated for each specified 
age group in each sex by determining the ratio of ob- 
served to expected deaths. The expected number of 
deaths for each age-sex group was computed as follows: 
let p, be the proportion in a particular age-sex group 
surviving from examination i to i + 1 (i = 1, 2----7), 
let P, = p, to p, + 1-—P;, and n, be the number of 
persons of the specified age and sex first appearing 
with the specified manifestation of coronary heart dis- 
ease at examination i; then Sn, (1 — P,) is the expected 
number of deaths. Thus, age-adjusted mortality ratios 
were obtained for persons with angina and myocardial 
infaretions in comparison to the standard or average 
mortality of the entire cohort of 5,127 persons with 
the average risk of death set at 100. 

The probability of a second event of coronary heart 
disease in persons with angina was calculated by life 
table methods for variable periods of follow-up by the 
method of Chiang? in which mortality from all other 
causes is treated as the competing risk. This multiple 
decrement procedure permits the calculation of “net” 
rates of morbidity. 


Results 


During the course of 14 years of biennial car- 
diovascular surveillance at the Framingham study 
492 persons had for the first time clinical evidence 
of coronary heart disease. Angina pectoris was 
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clearly a common clinical expression of the disease. 
Among the 323 men who had coronary heart dis- 
ease, 119 (36.8 percent) first presented with an- 
gina pectoris. A much higher proportion of the 169 
women with coronary heart disease, 110 (65.1 per- 
cent), presented with this symptom. Thus, there is 
a distinct difference in the way coronary heart dis- 
ease presents in the 2 sexes. The distribution of 
clinical manifestations of coronary heart disease 
did not vary significantly with age (Fig. 1). 
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Figure 2. Sixteen-year incidence of manifestations of coro- 
nary heart disease according to age in each sex. Men and 
women aged 30 to 62 at entry:Framingham study. 
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Figure 1. Presenting clinical manifesta- 
tion of coronary heart disease. Men and 
women aged 30 to 62: Framingham study. 


An examination of the incidence rates reveals a 
distinct male predominance of the various forms 
of coronary heart disease. Women lag behind men 
some 20 years in incidence of myocardial infarc- 
tion and sudden death (Fig. 2). Angina as a pre- 
senting complaint of coronary heart disease was 
also more frequent among men, with a gap of 
about 10 years in incidence between the sexes, the 
gap closing with advancing age (Fig. 3). However, 
uncomplicated angina was about as frequent in 
women as in men (Fig. 2). At younger ages it was 
less frequent in women than in men but at older 
ages the sex ratio was reversed. 


Types of Angina 


This suggests that there may be at least 2 forms 
of angina which have different epidemiologic fea- 
tures. Angina may arise de novo in persons who 
have never had any other clinical expression of 
coronary artery disease. It may also arise contigu- 
ous with, or as a consequence of, a myocardial in- 
farction. In such persons it may develop as a pre- 
monitory symptom of an impending myocardial 
infarction, or it may become manifest when they 
attempt to return to their accustomed level of 
physical activity after infarction. To analyze the 
epidemiologic features of angina and its natural 
history in more detail, the total of 303 cases of 
angina arising in the population sample were di- 
vided into 3 types of anginal events: (1) uncompli- 
cated angina, in which the symptom was the initial 
manifestation of coronary heart disease and in 
which a myocardial infarction or the coronary in- 
sufficiency syndrome or coronary death did not oc- 
cur in the same examination interval; (2) compli- 
cated angina, in which angina developed along 
with a myocardial infarction, coronary insuffi- 
ciency or coronary death in the same examination 
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Figure 3. Smoothed average annual inci- 
dence of angina pectoris as a presenting 
complaint. Men and women aged 33 to 69: 
Framingham study. 


interval; and (3) angina following myocardial in- 
farction after at least 1 biennial examination inter- 
val. Among the men 53 percent of the angina was 
of the uncomplicated variety, whereas 37 percent 
of cases occurred contiguously with myocardial in- 
farction. Only 10 percent arose sometime after a 
myocardial infarction. In women, the picture was 
quite different with more than 85 percent of cases 
of the uncomplicated type; only 15 percent. oc- 
curred together with or subsequent to a coronary 
attack (Fig. 4). 


Occurrence of Angina in Persons with 
Myocardial Infarction 


Angina pectoris is a common sequela of myocar- 
dial infarction. Half of those sustaining an initial 
myocardial infarction had angina after it. How- 
ever, only 31 percent experienced it for the first 
time after their myocardial infarction, the remain- 
ing 18 percent had it before the myocardial infarc- 
tion and simply continued to have it (Fig. 5). 
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Figure 4. Frequency of angina pectoris by 
type. Men and women aged 30 to 62 at 
entry: Framingham study. 
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Postinfarction angina: Angina tends to be a 
persistent complaint even after an overt myocar- 
dial infarction. Among persons presenting with 
angina pectoris, there were 29 men and 8 women 
who subsequently had a myocardial infarction and 
survived long enough to return for reexamination. 
Only 4 of the 29 men (15 percent) experienced no 
further angina in the period of follow-up after 
their infarction; angina did not disappear in any 
of the women. This rate is lower than the spon- 
taneous rate of loss of angina (30 percent) with- 
out intervening infarction. This does not support 
the contention that an infarction may cure angina 
by making the ischemic myocardium necrotic.* 

Unrecognized myocardial infarction: Myocar- 
dial infarction more often than not occurs without 
warning in unsuspecting victims free of prior 
symptoms of any duration. Only about 23 percent 
of attacks were preceded by angina pectoris. Un- 
recognized infarction in particular was distinctly 
uncommon in persons who had prior angina. The 
proportion with unrecognized myocardial infarc- 
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BEFORE 


tion was 5 times as great in those without angina 
as in those with it (Table I). This does not neces- 
sarily reflect unusual sensitivity to ischemic pain 
in those with angina since it could also be the re- 
sult of a heightened level of suspicion in those with 
previous angina. The rate of occurrence of angina 
after a myocardial infarction does reflect directly 
on the issue of sensitivity to ischemic cardiac pain 
since even unrecognized myocardial infarctions di- 
agnosed at the Heart Program were routinely re- 
ported to the victim's physician. Persons with un- 
recognized myocardial infarction had subsequent 
anginal distress somewhat less frequently than 


TABLE | 


Angina and Myocardial Infarction in Men and Women 
Aged 30 to 79 Years 





A. Proportion of Myocardial Infarctions Followed by 
Angina Pectoris* 


EEE IME BTC neo E dec SS GRO E NS RES CN 
MI Followed by AP* 


Subjects 
Type of MI (no.) no. 06 
SLE NAAR RE 0T PAS ELS ^ JA OH DE REL" QEON TRIS EOS T bnt 
Unrecognized 41 13 32 
Recognized 81 41 51 
Total 122+ 54 44 


a A, AE ERS ee 77 PRES SEE Gn Pus Ey SERI I 
B. Proportion of Myocardial Infarctions Unrecognized 
According to Antecedent Angina Status 
a PT eee Ps RE PRE a Re est WR 

Proportion 


i * 
Subjects Unrecognized MI 


Prior AP (no.) no. 06 
PUSH MONS HNNTyS o s M neca or EIL ER OR S A (TER 
Present 39 2 5 
Absent 149 42 28 
Total 188 44 33 





* Differences significant at P < 0.01 level, sex-specific. 
t Excludes persons with prior angina pectoris. 
AP — angina pectoris; MI — myocardial infarction. 
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Figure 5. Occurrence of angina pectoris in 


Mee E subjects surviving initial myocardial in- 
INFARCTION farction 3 weeks or more. Men and women 


aged 30 to 62 at entry: Framingham study. 


those with symptomatic myocardial infarction, but 
the difference was less dramatic (Table I). This 
suggests that most unrecognized myocardial in- 
farctions probably represent overlooked atypical 
symptoms rather than truly painless infarctions. 


Clinical Course of Patients 
Presenting with Angina 


Examination of the subsequent status of persons 
presenting with angina pectoris as their initial 
manifestation of coronary heart disease reveals 
that this is far from an innocuous cardiovascular 
complaint. Among the 119 men first presenting 
with angina pectoris, 33 (28 percent) died. Of 
those who presented with angina, 52 of 119 (44 


TABLE Il 


Angina Pectoris and Other Forms of Coronary Heart Disease 
in Persons Initially Free of Coronary Heart Disease: 
Framingham Study, 14 Year Follow-Up 


Men Women 
Initial Event Status at 14 Years (no.) (no.) 
AP Alive, no other CHD 62 83 
Alive, with other CHD 24 13 
Dead, no other CHD 5 8 
Dead, had other CHD 28 6 
Total 119 110 
Other CHD Alive, no AP 61 18 
Alive, had AP 47 10 
Dead, no AP 81 29 
Dead, had AP 15 2 
Total 204 59 
Total AP 181 122 
Total CHD 323 169 


AP — angina pectoris; CHD — coronary heart disease. 
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Figure 6. Probability of a coronary attack 

in persons with angina pectoris. Men and 2 
women aged 30 to 62 at entry: Framing- 

ham study. 


percent) men and 19 of 110 (17 percent) women 
later had some other more serious manifestation of 
coronary heart disease. Again, women appeared to 
have a better prognosis than men (Table II). 

The probability of a coronary attack within 8 
years after the onset of angina pectoris is about 
50 percent in men over 45 years, a relative risk 
double that of the general population (Fig. 6). 
The probability is lower in women. Although the 
absolute risk increases with age, there is a sugges- 
tion that the relative risk diminishes with advanc- 
ing age. 

Other complications of atherosclerosis: Angina 
victims were at high risk of other atherosclerotic 
disease outcomes in addition to coronary heart dis- 
ease. The outcome that resembles it most closely— 
intermittent claudication of the calf muscles on 
exercise due to occlusive arterial disease—oc- 
curred almost 3 to 5 times as commonly among 
patients with angina as in those without coronary 
heart disease, taking age and sex into account 
(Table III). 

Atherothrombotic brain infarctions and conges- 
tive failure occurred too infrequently in the period 
of follow-up available to obtain reliable estimates 
of the probability of their occurring in patients 
with angina. 


Mortality 


Survival patterns for men and women with an- 
gina pectoris calculated by the life table method re- 
veals definitely impaired survival compared to the 
general population with no definite age trend in 
men. In both men and women angina pectoris be- 
fore age 50 years was relatively rare and among 
the 24 cases occurring prior to this age there was 
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only 1 death. Therefore, it cannot be definitely 
stated that there is any increased risk of death as- 
sociated with angina pectoris in persons who had 
it at a young age. This must be interpreted cau- 
tiously since the numbers of events is so few. In 
younger women (under 60 years) with uncompli- 
cated angina, survival appeared to be better than 
in men or older women (Fig. 7). In men with un- 
complicated angina, age did not appear to influence 
survival. Within 8 years 40 percent of all the men 
and of the older women died, whereas only 15 per- 
cent of the women under age 60 died (Fig. 7). 


TABLE Ill 


Incidence of Intermittent Claudication According to 
Presence of Uncomplicated Angina Pectoris* at Examination, 
by Sex and Age: Framingham Study, 14-Year Follow-Up 





A | Rate per 10,000 
Sex & Age (yr) verage Annual Rate per 


at Examination Without CHD With AP Relative Risk 
SENE Wy. £9 AS NUIT ee, ee ee UNIT 

Men 19 96 2.81 
30-44 5 0 
45-54 15 65 4.2 
55-64 44 120 P.J 
65-74 26 100 3.8 

Women 10 115 5.21 
30-44 3 0 T 
45-54 6 83 14.1 
55-64 15 103 7.0 
65-74 46 176 3.8 


* Uncomplicated angina pectoris (AP) is angina pectoris as 
the only evidence of definite coronary heart disease (CHD) at 
beginning of examination interval. 

t Age-adjusted by indirect method using as standard rates 
the sex-age-specific incidence rates (in 5-year age groups) for 
the entire study. 
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Figure 7. Survival after uncomplicated angina pectoris. Men 
and women aged 50 to 69: Framingham study. Uncompli- 
cated angina indicates angina without myocardial infarction 
or acute coronary insufficiency as initial event and survival to 
next clinic examination. 


Surprisingly, survival in men with uncompli- 
cated angina was no better than survival follow- 
ing the acute stage of an infarction in those per- 
sons having their angina contiguously with a myo- 
cardial infarction, that is, “complicated angina" 
(Fig. 8). Thus, on the whole, angina in men was 
attended by about a 4 percent mortality per year, 
whether it arose de novo or in conjunction with a 
myocardial infarction (Fig. 9). 

Examination of the probability of death in an- 
gina victims, excluding those with other manifesta- 
tions of coronary heart disease prior to death, re- 
veals a mortality surprisingly close to that which 
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follows the posthospital phase of a myocardial in- 
farction. Adjustment for the high immediate mor- 
tality associated with myocardial infarction is 
made by including only those patients who have 
survived at least 1 year after their myocardial in- 
faretion. By the end of 8 years after the examina- 
tion at which either of these coronary manifesta- 
tions was diagnosed, about 80 percent in the age 
group 55 to 64 years (where numbers are adequate 
to judge) had died (Fig. 10). 

Sudden death: This accounted for 44 percent of 
all coronary deaths in persons with angina. The 
proportion of sudden deaths in patients with an- 
gina did not appear to vary with age, but numbers 
were too small to reliably evaluate the impact of 
age on suddenness of coronary death. Numbers 
were also too small to determine whether sudden 
death was more common in complicated than in 
uncomplicated angina. 


Discussion 


Sir James MacKenzie pointed out that accurate 
prognostication was even more difficult than ar- 
riving at a correct diagnosis.” He recognized that 
it required a detailed knowledge of the natural his- 
tory of the disorder in question. Although clinical 
experience with angina pectoris has been quite ex- 
tensive, prognostication has remained rather un- 
certain owing to incomplete subsamples of the dis- 
ease followed up in an unsystematic fashion with 
the data often inappropriately analyzed. It is hoped 
that the present study has overcome some of these 
problems. 

The prognosis in angina pectoris has been ex- 
tensively reported in numerous publications and 
texts.51* Such reports, while they may accurately 
portray the expectation of life and the clinical 
course of angina in special subgroups of angina 
patients under medical surveillance for one reason 
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Figure 8. Probability of surviving after di- 
agnosis of angina pectoris. Men aged 50 
and over: Framingham study. 
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and uncomplicated combined). Men aged 
50 and over: Framingham study. 


or another, may not reflect the natural history of 
the disease in the general population. Only by ex- 
amining its natural history in the general popula- 
tion, including those cases arising shortly before a 
myocardial infarction and sudden death and those 
too mild to come under medical attention for pro- 
longed periods, can an undistorted appreciation of 
the entire clinical spectrum of angina be achieved. 
Paul'^ and Hurst and Logue!’ suggest quite logi- 
cally that the true prognosis in angina may be 
more favorable than commonly reported on the 
basis of data compiled by cardiologists seeing pa- 
tients often referred for severe symptoms. How- 
ever, those rapidly culminating in sudden death 
may not reach them either. 

Survival rates: White et al? reported in 1943 
that 90 percent of 500 patients died after an aver- 
age period of 8 years after onset of symptoms. In 
a later study encompassing 25 years of follow-up 
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Figure 10. Probability of death according 
to coronary heart disease (CHD) status. 
Men aged 55 to 64: Framingham study. 
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at which time 445 of 456 were dead, the average 
survival was 9.7 years.? It is clear that “average 
survival" statistics make sense only if the entire 
cohort is followed to death since the average sur- 
vival must increase in proportion to the length of 
follow-up. In a larger follow-up series of 6,882 
cases, more appropriately analyzed, about 15 per- 
cent died within 1 year of onset, and thereafter the 
average annual mortality was reported at about 9 
percent. The 5 year survival rate was 58.4 percent 
compared with 87 percent for the general popula- 
tion.!? 

It is widely recognized that angina of recent on- 
set, that which has changed recently in severity or 
ease of provocation and angina at rest, carries a 
poor prognosis. Such unstable angina may be pre- 
monitory to a myocardial infarction or sudden 
death.^!3 It is possible that some of these cases 
may have gone undetected in this study of the 
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Framingham population, while fairly complete re- 
porting of mild angina, including that of subjects 
not under medical care, is likely to have been 
achieved. This could result in some underestimate 
of the seriousness of angina. 

Probability of myocardial infarction: Esti- 
mates of the probability of a myocardial infarction 
in patients with angina have also been subject to 
possible error. Friedberg? points out that at least 
25 percent of patients with angina will have 1 or 
more myocardial infarctions before death. This is 
likely to be an underestimate. Studies at Framing- 
ham indicate that at least 1 in 5 myocardial infarc- 
tions in the general population are silent or go un- 
recognized at the time of occurrence.!® Although 
this is less likely in patients with angina, some do 
escape detection at the time of the event (Table I). 
Also, it is commonly believed that a sharp increase 
in the severity and frequency of anginal attacks 
strongly suggests that occlusion of a large coro- 
nary vessel has taken place whether or not signs of 
a myocardial infarction can be elicited. The ap- 
pearance of congestive heart failure is also likely 
to reflect closure of additional vessels and exten- 
sion of myocardial damage if not due to associated 
hypertension.'? About 1 in 4 men with angina can 
expect to have a myocardial infarction within 5 
years, half of those over 45 years of age within 8 
years, a figure somewhat higher than the estimate 
of Friedberg.’ This is a relative risk about double 
that of the general population the same age. 

Sudden death: It has long been recognized that 
angina patients are unusually prone to sudden 
death. Harrison and Reeves" point out that “there 
is no other common disorder in medicine in which 
prognosis is so uncertain, because there is no other 
in which an individual, while carrying on normal 
activity and apparently in the best of health, is so 
likely to die suddenly." About 45 percent of all 
deaths from coronary disease in angina subjects 
were sudden, a proportion similar to that for vic- 
tims of myocardial infarction and no different 
from that of persons who die of coronary heart 
disease without prior evidence of such disease. The 
incidence of sudden death, on the other hand, is 
distinctly higher in angina patients, by more than 
3-fold, than in the general population. More infor- 
mation is needed concerning the type of patients 
with angina particularly liable to sudden death 
and the predisposing factors. 

Disappearance of angina: It is recognized that 
angina may disappear spontaneously for long pe- 
riods, even permanently, after it has been present 
for years. This has been attributed to the develop- 
ment of collateral circulation or to the replacement 
of an ischemic area of myocardium by scar tissue 
following coronary occlusion. The latter must not 
occur very often since it is clear from this study 
that the disappearance of angina for long periods 
occurs no more often after a myocardial infarction 
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than it does spontaneously without an intervening 
infarction. In fact, an intervening myocardial in- 
farction seems to favor persistance of angina, pre- 
sumably reflecting a more compromised coronary 
cireulation. Loss of angina reported to occur after 
onset of congestive failure and atrial fibrillation 
may well be the result of enforced limitation of 
physical activity. 

Disability from angina: Although angina can 
cause severe disability and chronic invalidism, 
most victims are very little inconvenienced and are 
capable of carrying on most of their usual business 
activities. Nevertheless, evaluation of the evolu- 
tion of angina pectoris as it occurs in the general 
population reveals that the lot of the angina vic- 
tim is not a happy one. In addition to the painful 
disability and resultant restriction of activity, the 
prognosis as to survival and progression to a more 
serious clinical manifestation of the disease is in 
men rather discouraging. 

Sex and age: It has been alleged that women 
with angina have a better prognosis than do men 
and that those over age 40 years at onset fare bet- 
ter than younger women.! The data from Fra- 
mingham appear to support this contention. In 
both sexes the absolute risk of a myocardial infarc- 
tion increases with age. However, relative risk— 
that is, compared to other persons without angina 
of the same age— decreases with age. 

Among persons with coronary heart disease 
chances of surviving an extended period are better 
at younger than older ages. In women the chances 
are better than in men. Uncomplicated angina is a 
very serious condition in men, with the mortality 
being about 5 percent per year; in women it is only 
half this and approximates that of women in gen- 
eral. The disparity between the sexes increases 
with the passage of time, the rates being quite 
similar during the first 5 years after onset. 

While angina poses only a modest threat to sur- 
vival in women, it has implications in men, as re- 
gards survival, no less ominous than that for vic- 
tims surviving the acute period of a myocardial in- 
farction. The rate of survival for 1 decade is only 
half that expected for men the same age. 

Comparison with other reported studies: These 
findings in Framingham compare reasonably well 
with clinical series of angina patients. Richards 
and co-workers, who followed up 456 subjects 
with angina (average age 57 years) for at least 25 
years, noted a 5 year survival rate of 64 percent 
for men and 74 percent for women and, after a 
decade, 41 percent survival for men and 44 percent 
for women. The somewhat lower rates could be due 
to the inclusion of complicated angina or sicker pa- 
tients requiring medical management. However, 
the study also revealed a higher mortality in men 
than women and a velative survival which was the 
same in young and old, although absolute survival 
decreased with age. 
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. These findings of a relative survival unaffected 
by age and better survival experience in women 
was also confirmed by Block et al.!? in 6,882 cases 
of angina. The survival experience in this large 
series of cases was roughly comparable to that of 
the other large clinic series. Feil et al.1° in a meticu- 
lous study of 338 cases of angina followed up for 
20 years found a similar survival experience. 

In a careful study of military personnel Zukel et 
21.17 found a somewhat lower average annual mor- 
tality (3 percent) beginning 1 year after diagnosis 
in persons with angina. This better experience may 
be due to the younger age of the sample and the 
absence of other major complicating illness among 
these military personnel. The relative mortality 
was also found to be lower in older subjects; how- 
ever, they found a higher average annual mortality 
after the first year (5 percent) in the myocardial 
infarction than angina cases. 

It thus seems reasonably clear that angina is less 
serious in women than men, and that the absolute 
survival rate declines with age. However, although 
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absolute mortality increases with age, angina 
seems to impose the same load of excess mortality 
on the young as the old relative to their respective 
cohorts without angina. 

Clinical implications: A good deal of attention 
is justifiably given to relieving symptoms and in- 
creasing exercise tolerance in the angina patient. 
However, even more important is secondary pre- 
vention aimed at reducing the high likelihood of a 
myocardial infarction and premature death. Infor- 
mation concerning those personal traits and living 
habits which are related to survival is essential if 
a rational approach to secondary prevention is to 
be devised. 

The bulk of patients with angina have major 
obstructions of proximal segments of coronary ar- 
teries and a still intact myocardium. In view of this 
and the serious prognosis of angina in men, à con- 
trolled trial to determine the efficacy of prophylac- 
tic surgical revascularization in reducing the like- 
lihood of myocardial infarction and in prolonging 
survival would seem in order. 
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Sixty patients with patterns of anterior wall myocardial infarction on 
electrocardiogram and vectorcardiogram underwent coronary cinean- 
giographic studies. In 47 with patterns of isolated anterior wall in- 
farction, 25 (53 percent) had entirely normal coronary arteries on 
cineangiogram. Of these, 17 had rheumatic heart disease, 5 primary 
myocardial disease and 3 no demonstrable abnormality. Only 11 of 
the 25 (46 percent) had patterns of left ventricular hypertrophy. In 
the 22 with significant coronary disease on cineangiography, 3 had 
triple, 12 had double and 7 had single vessel disease. Of 12 patients 
with combined patterns of anterior and inferior wall myocardial in- 
farction, only 1 (with primary myocardial disease) had normal coro- 
nary arteries. Of 12 patients with significant disease, 8 had triple 
vessel involvement. 

Thus, in patients with patterns of anterior myocardial infarction on 
electrocardiogram and vectorcardiogram who are referred for study 
primarily because of valvular or myocardial disease, selective coro- 
nary arteriography frequently shows complete absence of coronary 
arterial obstruction. When such patients have coronary artery dis- 
ease, it is frequently more widespread than anticipated from the 
electrocardiographic and vectorcardiographic patterns; occasionally, 
it may spare even the left anterior descending coronary artery. Cau- 
tion is indicated in the prediction of coronary artery disease from 
electrocardiographic or vectorcardiographic records, especially in 
patients selected for catheterization procedures. 


Patterns of anterior wall myocardial infarction are frequently 
observed in patients referred for cardiac catheterization and 
angiographic procedures for evaluation of coronary, valvular or 
myocardial problems. The common clinical presumption of coro- 
nary artery disease from classic electrocardiographic or vector- 
cardiographic evidence of patterns of anterior myocardial infarc- 
tion is often incorrect and may result in serious errors in both 
diagnosis and treatment of valvular or myocardial heart disease. 
In other cases when the clinical presumption of coronary disease 
is confirmed by coronary arteriography, such obstructive disease 
may be inappropriately localized or surprisingly extensive.! The 
purpose of this study was to determine the predictability of coro- 
nary artery disease and severity of vessel involvement from elec- 
trocardiographic or vectorcardiographic patterns of anterior wall 
myocardial infarction. 
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TABLE | 
Classification of Severity of Coronary Artery Disease 














; Arterial 
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Coronary Artery Diseas Obstruction 

Grade Severity (9$) 

0 Absent None 

1 Mild 0-25 

2 Moderate 25-75 
3 Severe 75-100 

TABLE Il 


Examples of Grading of Coronary Artery Disease 
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Grading of Disease 








Case RCA LAD LCA 
A 0 1 0 No significant disease 
B 1 1 1 No significant disease 
C 0 2 0 Significant disease 
D 3 1 2 Significant disease 
E 3 3 3 Significant disease 





CAD = coronary artery disease; LAD = left anterior descend- 
ing artery; LCA = left circumflex artery; RCA = right coronary 
artery. 


Material and Methods 


Sixty patients were referred for specialized cardiac 
evaluation. The procedures included a standard 12 lead 
electrocardiogram, a Frank system vectorcardiogram,? 
right- and left-sided cardiac catheterization as well as 
coronary arteriography. Vectorcardiograms were dis- 
played using a Hewlett-Packard vector amplifier and 
visoscope. The loops were photographed with a Polar- 
oid® camera. The oscillopscope had a sensitivity of 1 
mv — 5 em. 

Hemodynamic studies were performed after an over- 
night fast, with patients in the supine position. Right 
and left heart catheterizations were performed on all 
patients. The right heart studies were performed using 
standard Cournand catheters with a platinum tip elec- 
trode. The left heart chambers were evaluated by the 
transseptal technique or retrograde approach through 
either the femoral artery percutaneously or brachial 
artery by cut-down procedure. Pressures were recorded 
on an Electronics for Medicine oscillographic recorder 
model DR-12 utilizing Statham P23Db strain gauges. 
The mid-thoracic position was used as the zero pressure 
reference. Coronary and left ventricular cineangiog- 
raphy was performed in all patients by methods previ- 
ously described.? 


Electrocardiographic and 
Vectorcardiographic Criteria 


In all patients studied, anterior QRS forces were 
absent in the electrocardiogram or vectorcardiogram, 
or both. The scalar criterion used was absence of R 
waves in leads V, to V,.4 The vectorcardiographic cri- 
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TABLE III 


Clinical Data in 60 Patients with Patterns 
of Anterior Infarction 


a 





ECG-VCG Diagnoses of | ECG-VCG Diagnoses of 
AMI (47 Cases) AMI + IM! (13 Cases) 
CAD No CAD No 
(Grade 2, 3) CAD (Grade 2,3) CAD 
no. of cases 22 25 12 1 
Male 16 11 7 1 
Female 6 14 2 0 
Average age (yr) 53 55 52 37 
Angina 17 2 10 0 
RHD 4 17 2 0 
Aortic 3 12 2 0 
Mitral 1 5 0 0 
IHSS 1 0 did sis 
PMD 0 5 0 1 
No disease 0 1 ‘pap 
LVH 8 11 6 1 


em, 


AMI = anterior myocardial infarction; CAD = coronary artery 
disease; ECG-VCG = electrocardiographic-vectorcardiographic; 
IHSS = idiopathic hypertrophic subaortic stenosis; IMI = in- 
ferior myocardial infarction; LAD = left anterior descending 
artery; LCA = left circumflex artery; LVH = left ventricular hyper- 
trophy; PMD = primary myocardial disease; RCA = right coro- 
nary artery; RHD = rheumatic heart disease. 


terion was absence of the Q wave in the Frank Z lead.’ 
Thus, both the horizontal and right sagittal QRS loops 
were initially posterior. In 10 patients, the Q wave 
duration in lead Y exceeded 30 msec, or the QR ratio in 
lead aVF exceeded 0.25 with a Q duration in aVF of 
0.03 second—criteria for inferior wall myocardial in- 
farction.9 

Left ventricular hypertrophy was diagnosed on the 
basis of standard scalar criteria: R + S4 greater than 
25 mm, or SV, or V, + RV; or V, exceeding 35 mm.’ 
The vectorcardiographic criterion used for left ven- 
tricular hypertrophy was a maximal QRS vector exceed- 
ing 2.0 mv in any reference plane.5 Severity of coro- 
nary artery disease was classified from the arterio- 
gram as grade 0 for no obstruction, grade 1 for 0 to 
25 percent obstruction, grade 2 for 25 to 75 percent 
obstruction and grade 3 for 75 to 100 percent obstruc- 
tion (Table I). Combined coronary artery disease was 
graded in the following manner (Table II): Patients 
with grade 2 or 3 disease in any artery were considered 
to have significant coronary artery disease. Those with 
grade 0 to 1 disease in all arteries were considered free 
of significant coronary artery disease. 


Results 
Patients Free of Coronary Disease (Table lll) 


In 25 of the 60 patients studied, standard cri- 
teria for anterior infarction were met, but the dis- 
ease was grade 1 or less in all 3 coronary arteries 
on selective coronary arteriography. The clinical 
data on these patients are shown in Table III. 
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Rheumatic valvular heart disease was present in 
17, primary myocardial disease in 5, atypical an- 
gina in 2 and minimal mitral insufficiency in 1. 
Eleven patients, in addition to patterns of anterior 
wall myocardial infarction, had high QRS voltage 
meeting the criteria for the electrocardiographic 
and vectorcardiographic diagnosis of left ventricu- 
lar hypertrophy (Table III). One patient met cri- 
teria for inferior as well as anterior infarction. 


Illustrative Clinical Material 


Case 1 (Fig. 1): A 51 year old woman was admitted 
for evaluation of a basal systolic murmur. The aortic 
gradient was 40 mm Hg, indicating aortic valvular ste- 
nosis, The cardiac index was 2.73 liters/min per m?. 
The right and left coronary systems were free of ob- 
struction. The vectorcardiogram and XYZ leads indi- 
cated a complete absence of anterior QRS forces. The 
scalar electrocardiogram showed absence of the R 
wave in leads V, to V}. 


Case 2 (Fig. 2): A 53 year old man was admitted 
for evaluation of apical systolic and diastolic murmurs. 
Left heart catheterization studies established the diag- 
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Figure 1. Rheumatic heart dis- 
ease and aortic stenosis. Normal 
coronary arteriogram. Anterior in- 
farction pattern in Frank XYZ 
leads and vectorcardiogram (A) 
and electrocardiogram (B). 


nosis of mitral stenosis, with a 22-mm Hg diastolic 
gradient and grade 3 mitral insufficiency. The cardiac 
index was 1.97 liters/min per m2. The coronary arteries 
were entirely normal. The XYZ leads showed an ab- 
sence of the Q wave in lead Z. The scalar electrocardio- 
gram indicated absence of the R wave in leads V, to Vs. 


Case 3 (Fig. 3): A 53 year old woman was evaluated 
because of apical and basal murmurs. Supraaortic dye 
injection showed grade 8 aortic insufficiency. A dia- 
stolic gradient of 13 mm Hg established the diagnosis 
of mitral stenosis as well. The cardiac index was 3.55 
liters/min per m?. The coronary arteries were normal. 
The XYZ leads and vectorcardiographic loops indicate 
a complete absence of anterior QRS forces consistent 
with a diagnosis of anterior wall myocardial infarction. 
The scalar electrocardiogram shows absence of the R 
wave in leads V, to Vz. 


Case 4 (Fig. 4): A 38 year old man was studied be- 
cause of congestive heart failure of obscure origin. No 
valvular gradients or insufficiency or intracardiac 
shunts could be demonstrated. Diastolic pressure levels 
were elevated in all heart chambers, and ventricular 
contractility was diffusely impaired. The diagnosis was 





Figure 2. Rheumatic heart dis- 
ease, mitral stenosis and mitral 
insufficiency. Normal coronary 
arteriogram. Anterior infarction 
pattern in Frank XYZ leads (A) 
and electrocardiogram (B). 





Figure 3. Rheumatic heart dis- 
ease, aortic insufficiency, mitral 
stenosis and mitral insufficiency. 
Normal coronary arteriogram. 
Anterior infarction pattern in 
Frank XYZ leads and vectorcardio- 
gram (A) and electrocardiogram 


(B). 


primary myocardial disease. The coronary arteries 
were normal on cineangiography. The XYZ leads and 
vectorcardiograms demonstrated a complete lack of an- 
terior forces, The electrocardiogram corroborated the 
presence of a pattern of anterior wall myocardial in- 
farction. 


Case 5 (Fig. 5): A 35 year old man was admitted 
for severe congestive heart failure. Catheterization 
studies and ventriculography showed a high level of 
diastolic pressure in all chambers, grade 3 mitral re- 
gurgitation and markedly impaired ventricular contrac- 
tility. The diagnosis was primary myocardial disease 
with mitral insufficiency. The coronary arteries were 
free of obstructive disease, The XYZ leads and vector- 
cardiographic loops demonstrated the absence of an- 
terior QRS forces. In addition, the duration of superior 
QRS forces in lead Y and in frontal QRS loop were of 
abnormal duration, also consistent with the diagnosis 
of inferior wall myocardial infarction. 


Each of these 5 cases illustrates the unreliabil- 
ity of patterns of anterior wall myocardial infarc- 
tion in the prediction of coronary artery obstruc- 


Figure 4. Primary myocardial 
disease. Normal coronary arterio- 
gram. Anterior wall infarction pat- 
tern in Frank XYZ leads and vec- 
torcardiogram (A) and electro- 
cardiogram (B). 
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tion. This is particularly true of patients referred 
for evaluation of valvular disease or obscure con- 
gestive heart failure rather than for evaluation of 
persistent anginal pain. 


Patients with Demonstrable Coronary Artery 
Disease (Tables III and IV) 


Coronary artery disease was present on angiog- 
raphy in 22 patients with patterns of isolated an- 
terior infarction on the electrocardiogram and vec- 
torcardiogram (Table IV) and in 12 patients with 
combined anterior and inferior myocardial infarc- 
tion. Double vessel disease was the most common 
finding in the group with isolated anterior infarc- 
tion (12 of 22 patients). Single vessel disease oc- 
curred in 7 patients and triple vessel disease in 3. 
The left anterior descending artery was the most 
frequently involved vessel (19 of 22 patients). In 3 
patients the anterior descending artery was grade 
0 to 1 with major disease in the right and circum- 
flex arteries. Indeed, in 1 patient, the right coro- 
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nary artery was the only diseased vessel. In 14 of 
22 patients the right coronary artery was involved, 
and in 8 the circumflex artery. 


Illustrative Case 


Case 6 (Fig. 6): A 43 year old man had a clinical 
anginal syndrome. The electrocardiogram and vector- 
cardiogram were typical of anterior wall myocardial 
infaretion with absence of anterior QRS forces. Selec- 
tive coronary arteriography showed minimal disease in 
the left anterior descending artery (grade 1). How- 
ever, the right coronary artery was totally obstructed, 
and the left circumflex artery was 50 percent occluded. 
Thus, this patient with clinical angina and an electro- 
cardiographie and vectorcardiographic pattern of an- 
terior infarction demonstrated double vessel disease 
with sparing of the left anterior descending artery. 


Of special interest are the 12 patients (Table 
IV) whose electrocardiographic-vectorcardio- 
graphic study met criteria for anterior and infe- 


TABLE IV 


Distribution and Severity of Lesions in 34 Patients with 
Patterns of Anterior Wall Infarction and Demonstrable 
Coronary Artery Disease on Angiography 
ors LUAM PS AOR ERDCEI 
AMI AMI + IMI 
(22 Patients) (12 Patients) 


Disease RCA LAD LCA RCA LAD LCA 


ene MHIL FEET LCD A 
Grade 


3 9 13 3 AA 8 6 

2 5 6 5 1 3 4 

0-1 8 3 14 0 1 2 
Vessels involved 

3 3/22 13% 8/12 67% 

2 12/22 55% 4/12 33% 

1 7/22 32% 0 kins 

mme e Wane EEE > ACC PT ER E EE 

AMI = anterior myocardial infarction; IMI = inferior myocar- 


dial infarction; LAD = left anterior descending artery; LCA = left 
circumflex artery; RCA = right coronary artery. 
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Figure 5. Primary myocardial 
disease. Normal coronary arteri- 
ography. Anterior and inferior in- 
farction pattern in Frank XYZ 
leads and vectorcardiogram (A) 
and electrocardiogram (B). 


rior wall myocardial infarction. In 8 (67 percent) 
triple vessel disease was found on selective coro- 
nary angiography. The remaining patients had 
double vessel occlusion. These results confirm the 
findings of Holt et al.? who encountered multiple 
vessel obstruction when the electrocardiogram in- 
dicated combined anterior and inferior myocardial 
infaretion. Angina was prominent in this overall 
group of 34 patients with patterns of anterior or 
anterior plus inferior infarction and coronary ar- 
tery disease confirmed by coronary angiography. 
Chest pain was significant in 27 of the 34 patients 
(Table III). Additional diagnoses were frequently 
established in this group. Seven patients were 
found to have physiologic changes of aortic, sub- 
aortic or mitral valve disease. 


Discussion 


Two common pitfalls await the cardiologist in 
evaluating an anterior wall myocardial infarction 
pattern, especially in the patient referred for 
physiologic and angiographic study. The first is 
the presumptive diagnosis of coronary artery dis- 
ease which in fact may not be present. The second 
is underestimation of the severity of coronary ar- 
tery disease when it is present. 

Pitfall 1—diagnosis of coronary artery disease 
when coronary arteries are normal: This pitfall 
occurs primarily among patients with aortic or 
mitral valve disease or primary myocardial dis- 
ease. Only about 45 percent of our patients had the 
increased voltage on electrocardiogram or vector- 
cardiogram characteristic of left ventricular hy- 
pertrophy, in contrast to the findings of Kini et al.8 
However, all of the remaining patients had en- 
larged hearts by X-ray examination as well as 
physiologic defects consistent with the develop- 
ment of left ventricular hypertrophy. 

Clearly, the balance of early QRS forces may be 
posterior in the absence of coronary arterial ob- 
struction. Presumably, anterior wall perfusion was 
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Figure 6. Clinical angina pec- 
toris. Coronary arteriography: 
right coronary artery totally ob- 
structed; left circumflex artery 
50 percent obstructed; left an- 
terior descending artery no sig- > 
nificant disease. Anterior infarc- 2 i 
tion pattern in Frank XYZ leads 

and vectorcardiogram (A) and 
electrocardiogram (B). 


normal in these patients and, thus, confluent ne- 
crosis as seen in ischemic scars was probably not 
present. Several mechanisms might account for 
the findings in this group. Myocardial fibrosis in- 
volving the septum and anterior surface of the 
left ventricle might well result in the loss of an- 
terior wall forces, especially in combination with 
left ventricular hypertrophy.'!?-? Commonly, in 
advanced left ventricular hypertrophy with high 
QRS voltage, and especially with ST-T segment 
changes, the anterior QRS forces are markedly re- 
duced or absent. Our observations suggest that left 
ventricular hypertrophy, although evident by 
X-ray study but not by high QRS voltage, may be 
associated with absence of anterior forces and sub- 
sequent anterior wall myocardial infarction pat- 
tern. Ventricular dilatation and diffuse myocardial 
degeneration, as commonly encountered in pri- 
mary myocardial disease? may well result in a 
leftward shift of the early QRS forces.'*:"* 

Three patients in our series with patterns of an- 
terior infarction were found to have no evidence 
of valvular, myocardial or coronary disease. Welch 
et al^ demonstrated evidence of myocardial in- 
farction electrocardiographically in 109 patients; 
6 had entirely normal coronary arteries cineangio- 
graphieally. Two patients had primary myocardial 
disease. Two patients did not have definite evi- 
dence of myocardial infarction on reexamination 
of the electrocardiogram. One patient had blunt 
trauma to the chest and 1 may have had myocardi- 
tis; 1 ease remains unexplained. Campeau et al.'® 
found no obstructive coronary disease on cinean- 
giographic examination in 6 of 350 patients with 
clinical myocardial infarction. They suggested that 
infarction may be caused by arterial occlusion not 
evident on coronary arteriography or that the “‘in- 
farction" was not caused by occlusion. The former 
possibility was believed to be due to overlooked oc- 
clusion,! disease of the microcirculation," tempo- 
rary occlusion by a functional constriction 
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(spasm) or lysis of thrombus or emboli (recanal- 
ization). “Infarction” not caused by a coronary 
arterial occlusion may be due to a decrease in 
coronary blood flow, impairment of oxygen 
diffusion or utilization, or both,!? coronary arterio- 
venous shunting or nonischemic necrosis. Great 
caution must therefore be exercised in predicting 
coronary arterial obstruction from patterns of an- 
terior wall myocardial infarction, especially in the 
absence of anginal pain or in the presence of val- 
vular or primary myocardial disease. 

Pitfall 2—underestimation of severity of coro- 
nary disease: When the coronary arteriogram 
confirms the diagnosis of arterial obstruction, 
double or even triple vessel disease is commonly 
encountered. As described by Gunnar," Holt,’ 
and Lee?? and their co-workers, the observed dis- 
ease is more extensive than might be predicted 
from the electrocardiographic and vectorcardio- 
graphic findings alone. These observations confirm 
the older findings of Blumgart et al.?' on the fre- 
quency of multiple coronary arterial obstruction in 
autopsy specimens studied by injection techniques. 
A similar recent study on a large series of autopsy 
cases reported a high incidence of double and 
triple vessel disease.*” 

In 1,184 autopsy cases studied by Horan et al.,”° 
118 subjects had patterns of isolated anterior or 
anteroseptal infarction; 49 had no evidence of 
myocardial scarring; and 69 had myocardial scars 
suggesting myocardial infarction. All 15 patients 
in the series of 1,184 with patterns of combined an- 
terior and inferior infarction had myocardial 
scars. The coronary arteries were not described. 
When the criteria for anterior and inferior infarc- 
tion are met, the most common coronary involve- 
ment encountered is triple vessel disease. Never- 
theless, the combined patterns of anterior and in- 
ferior infarction may occasionally be encountered 
in a patient entirely free of coronary artery dis- 
ease (Fig. 5). 
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In 11 patients with angina pectoris and abnormal stress electrocar- 
diograms, no narrowing or obstruction of coronary vessels was visible 
by selective cut film and coronary cinearteriography. One patient 
showed chemical evidence of myocardial hypoxia despite normal ar- 
teriograms. Similar evidence of impaired myocardial oxygen supply 
was absent in the remaining 10 patients. We found no abnormality in 
hemoglobin O, affinity which might jeopardize myocardial O, supply. 
The clinical course of these patients, including that during a 1 to 2 
year followup period, has not been complicated by myocardial infarc- 
tion or cardiac failure. In 5 symptoms have decreased. 


In the vast majority of patients who have chest pain and electro- 
cardiographic abnormalities characteristic of ischemic coronary 
heart disease, narrowing or obstruction of major coronary ar- 
teries can be demonstrated by coronary arteriography.* How- 
ever, in some patients with indistinguishable clinical findings, the 
coronary arteriograms are normal.®>* Chemical evidence of myo- 
cardial hypoxia has been reported to occur in these patients de- 
spite normal coronary arteriograms,9?" and abnormal hemoglobin 
oxygen affinity has been proposed as a basis of the myocardial 
hypoxia.? 

We studied 11 patients who had episodic chest pain resembling 
angina pectoris which was substantiated by electrocardiographic 
abnormalities of myocardial ischemia, but who had no coronary 
artery disease demonstrable by arteriography. We found the fol- 
lowing: (1) Chemical evidence of myocardial hypoxia in these pa- 
tients was rare compared to that in patients with demonstrable 
coronary atherosclerosis; (2) the equilibrium QO, dissociation 
curves of these patients did not differ from those of normal sub- 
jects; and (3) over a subsequent 1 to 2 year period some showed 
a decrease in symptoms and none experienced clinically evident 
myocardial infarction. 


Methods 


Patients: The criteria for selection of patients were (1) periodic 
chest pain clinically similar to angina pectoris, (2) positive responses tc 
stress electrocardiography, and (3) no coronary artery disease demon- 
strable by coronary arteriography. No patient was taking digitalis or 
other cardiac medications at the time of electrocardiographic or coro- 
nary venous catheterization study. Patient 5 had taken digitalis, 100 mg, 
and hydrochlorthiazide, 50 mg, daily ; administration of these drugs had 
been discontinued 1 month before the study. 
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TABLE | 
Clinical and Electrocardiographic Data 


E a a a ssssststssssssssnssssssssssssssnsensssssstssssossest-se 


Conditions Precipitating Pain 


— [Oe Ee a TST. Peas Sr = XE 
E E T 





Night Meals Cold NTG 


cy PE 





tress E 
Effect of ^ Family ds. 


History* Hypoxemia Exercise 


ea a ee E 


Chest Pain 
Case Sex & Present Duration 
no. Age (yr) (yr) (min) Exertion Emotion 
1 M33 2 5-30 -+ + 
2 F54 7 5-10 + 0 
3 F48 2 5-10 =f + 
4 F58 7 5-60 + -+ 
5 F57 114 15-120 4 0 
6 F57 5 5-60 -+ 0 
7 F45 l6 5-10 ot 4 
8 F59 3 30 4 0 
9 M43 10 60 0 + 
10 F48 7 1 + 0 
11 F55 11% 5 ES -+ 


sest+to+öoot+o+ 


0 0 + ufe T T 
0 0 T 0 + i. 
0 0 d 0 + + 
0 + 0 0 + + 
0 0 t 0 t 4 
0 0 0 0 + 0 
0 0 0 J- 0 4. 
0 0 + 0 + - 
0 0 1 0 + 0 
0 0 0 0 + 0 
0 0 + 0 + + 


Sa ore reer a a COR 


* Parent, grandparent, sibling, aunt or uncle with probable coronary disease before age 60 years. 


T Nitroglycerin never used. 
NTG = nitroglycerin. 


Investigative procedures: Standardized stress elec- 
trocardiography was performed with hypoxemia and 
graded exercise. The patients pedaled a bicycle ergom- 
eter for 4 minute periods at increased levels of work 
load, separated by rest intervals. For the hypoxemia 
test, the patients breathed 10 percent O, in nitrogen 
for 20 minutes. Exercise and hypoxemia were contin- 
ued until the patients experienced chest pain, signifi- 
cant S-T segment depression, or exhaustion, or had a 
heart rate of 85 percent of the maximal value predicted 
according to age.!? Segmental S-T depression of 0.5 
mm or greater for the hypoxemia test and 1.0 mm or 
greater for the exercise test was considered a positive 
result.1° Left ventricular pressures were obtained with 
the patient supine, and left ventricular cineangiograms 
were filmed in the right anterior oblique projection. Se- 
lective coronary arteriography was performed with in- 
jections directly into the right and left coronary ar- 
tery orifices. Films were taken in the left lateral, 70? 
left anterior oblique and 15? right anterior oblique po- 
sitions using both high definition rapid serial large-cut 
film, and conventional cine techniques.!! 

For study of myocardial O, supply, coronary venous 
blood samples were obtained from a catheter positioned 
in the coronary sinus. We made observations initially 
with the patients at rest (control) and then while their 
myocardial O, requirement was increased by electrical 
pacing of the right atrium at a rate of approximately 
120/min. Paeing was unsuccessful in Patients 7 and 
10, and their heart rate was increased to 86/min and 
97/min, respectively, by intravenous administration of 
1.0 mg of atropine. The methods for determining blood 
lactate and pyruvate concentrations have been de- 
Scribed.!? Blood O, concentration was determined by 
the manometric method in Patients 1 to 6, but was cal- 
culated from the blood pO, and pH (Radiometer Co., 
Copenhagen), hemoglobin concentration (spectrophoto- 
metric) and blood O, dissociation curve in Patients 7 
to 11. The development of myocardial hypoxia during 
the tachycardia was judged by a greater than 10 per- 
cent increase in the lactate: pyruvate concentration ra- 
tio in the coronary venous blood (L/P,,) .1? 


17? 


Blood oxygen affinity was determined from the O» 
dissociation curve of whole blood and is expressed as 
the pO, at which the hemoglobin is 50 percent satu- 
rated with O, (P,,).!? In 1 patient, hemoglobin elec- 
trophoresis was carried out at pH 7.0 and 8.6 by the 
method of Huisman.!* 


Results 


Clinical features of the patients (Table I): 
Nine of the patients were women, and the mean 
age was 51 years. Chest pain occurred especially 
during physical exertion or emotional disturbance 
and frequently woke the patient at night. The 
duration of the pain, which often exceeded 10 min- 
utes in 6 patients, was longer than that typically 
reported for patients with coronary heart dis- 
ease. Five patients stated that sublingually ad- 
ministered nitroglycerine shortened the duration 
of pain. None had evidence of a previous myocar- 
dial infarction, and only 2 presented a family his- 
tory of coronary heart disease. No consistent be- 
havioral pattern characterized this group of pa- 
tients, nor did they exhibit an unusual number of 
physieal complaints. Patient 8 had a heart mur- 
mur probably due to a small patent ductus arterio- 
sus, and Patient 11 had a slightly increased sys- 
temic arterial blood pressure. In no instance was 
an extracardiac explanation for chest pain appar- 
ent. All had normal cardiac silhouette and lung 
fields on their chest roentgenogram. Left ventricu- 
lograms showed normal ventricular size and con- 
tractility. Left ventricular end-diastolie pressures 
ranged from 5 to 11 mm Hg. 

The resting electrocardiogram was normal in all 
except Patient 5, who had S- T segment depression 
in leads II, III and V, to V,. The results of the 
hypoxemia and exercise stress tests are shown in 
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Table I. In all patients, significant S-T segment 


depression occurred during 1 or both stress tests. 
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Myocardial oxygen studies (Table II): The con- 
trol coronary arteriovenous (a-v) differences for 
blood Oz, lactate and pyruvate concentrations were 


 eomparable to those found in normal subjects.’ 
The changes in coronary venous blood lactate: 


pyruvate concentration (L/P.,) and coronary 
blood (a—v)O. difference during tachycardia are 
presented in Figure 1, where they are compared 
with similar data previously reported for 6 nor- 
mal subjects.'? In the normal subjects, heart rate 
was increased to values ranging from 87 to 124/ 
min (mean 107) ; in the present patients, to values 
ranging from 86 to 129/min (mean 113). In 1 pa- 
tient (Case 3) increase in heart rate by electrical 
pacing caused a reversal of the coronary (a-v) dif- 
ference in blood lactate concentration from a posi- 
tive to a negative value (lactate uptake reversed 
to lactate output by the myocardium) as well as a 
significant increase in L/P.,. This patient had no 
accompanying change in coronary blood (a-v)O» 
difference or coronary venous blood pO. and did 


TABLE Il 
Myocardial Oxygen Supply 





MYOCARDIAL. ISCHEMIA AND NORMAL CORONARY ARTERIOGRA! 


not experience chest pain during the tachycardia 
In all of the other 10 patients, the L/P., and coro 
nary blood (a-v)O, remained constant or de 
creased during tachycardia, as previously observet 
in the normal subjects. None experienced ches 
pain. The tachycardia caused no significant chang: 
in arterial blood pO, (mean control 78.2 mm Hg 
mean tachycardia 77.1 mm Hg). Changes in sys 
temic arterial blood pressure were comparable ti 
those found in normal subjects.” 

Blood O; affinity was determined in 10 patient: 
(all but Case 1), and the P; values (pO, at 50 per 
cent O, saturation) are presented in Figure 2 
right panel. The mean P;, (27.3 mm Hg) was vir 
tually the same as that of normal subjects (Fig. 2 
left panel), although in 2 (Cases 4 and 7) the P; 
value was less than that observed in any subject ir 
the normal group (higher O, affinity). Electro 
phoresis of the hemoglobin was performed in thi 
patient with the lowest P; value, and was normal 

Coronary arteriography: No significant nar 
rowing or obstruction of the coronary arteries oi 
development of collateral circulation could be seer 





Arterial 





Pi Blood 0. Concentration Lactate Pyruvate `- Lactate: Pyruvate 
Case Con- (beats/ Pressure AREA be Sis m are? Hg TM 
no. dition min) (mm Hg) Art. — Cor(a-v) pO: pH Art. Cor.(a-v) Art. Cor.(a-v) Art. — Cor. Ven. 
1 C 78 111/52 18.2 10.2 0.37 0.12 0.068 0.024 5.5 5.8 
H 113 104/59 18.0 10.3 0.41 0.13 0.074 0.026 5.6 5.8 
2 D 74 148/76 17.5 11.3 0.49 0.14 0.084 0.029 5.8 6.3 
H 110 151/87 17.4 11.4 "E he 0.49 0.18 0.087 0.029 5.7 5.4 
3 C 74 149/79 15.1 10.3 20.5 7.37 0.38 0.09 0.066 0.014 5.7 5.6 
H 129 143/92 15.5 10.6 19.9 7.35 0.39 —0.07 0.067 0.011 5.8 8.2 
4 C 64 138/72 15.1 9.8 7.3] 0.43 0.10 0.073 0.017 5.9 5.9 
H 111 140/89 15.2 9.8 7.39 0.48 0.11 0.070 0.007 6.8 6.1 
5 C 72 153/87 16.6 12.1 7.38 0.34 0.13 0.069 0.027 4.9 5.0 
H 113 145/95 16.6 11.8 7.37 0.33 0.14 0.065 0.020 5.0 4.2 
6 C 86 152/85 15.2 11.4 7.32 0.34 0.10 0.068 0.013 5.0 4.4 
H 122 154/95 15.6 11.4 ned 7.31 0.35 0.07 0.070 0.011 4.9 4.6 
7 C 60 152/88 14.6 10.4 17.8 7.36 0.34 0.06 0.074 0.018 4.5 5.0 
H 86 152/93 14.7 10.0 19.2 7.35 0.32 0.05 0.068 0.015 4.7 5.0 
8 C 71 115/51 16.0 11.2 21.0 7.36 0.38 0.24 0.078 0.031 4.9 3.0 
H 119 99/50 16.0 11.0 21.0 7.39 0.35 0.21 0.075 0.025 4.7 2.9 
9 C 83 110/71 18.3 13.5 19.1 7.36 0.40 0.06 0.071 0.005 5.6 5.2 
H 119 111/69 18.2 13.4 19.3 7.36 0.34 0.07 0.068 0.004 5.0 4.3 
10 C 62 124/74 17.4 12.1 17.7 7.40 0.43 0.12 0.079 0.026 5.4 5.9 
H 97 122/85 17.0 11.1 19.2 7.41 0.38 0.11 0.074 0.020 5.2 5.1 
11 C 85 161/94 16.7 13.0 18.3 7.37 0.88 0.42 0.165 0.085 5.3 5.7 
H 122 156/104 17.0 13.1 18.6 7.38 0.92 0.47 0.154 0.074 6.0 5.7 
Mean* C 74 136/75 16.6 11.5 18.7 7.37 0.44 0.15 0.083 0.028 5.3 5.2 
SD 10 20/15 1.2 1.2 1.4 .02 0.16 0.11 0.029 0.022 0.4 0.9 
H 111 133/83 16.6 11.3 19.5 7.37 0.44 0.15 0.081 0.023 5.4 4.9 
12 22/17 1.2 G2 0.9 .03 0.18 0.12 0.027 0.020 0.6 0.9 





* Mean and standard deviation values excluding Patient 3 (who showed evidence of myocardial hypoxia). 
In some instances values representa single set of observations, and in others they represent the means of 2 to 4 sets. 
Art. — arterial; a-v — arteriovenous; C — control; cor — coronary; H — heart rate increased by electric pacing or atropine; 


Ven. — venous. 
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Figure 1. The effect of tachycardia on the coronary venous 
blood lactate: pyruvate concentration ratio (L/P.,) and the 
coronary blood (a—v)O, in normal subjects (A) and present 
patients (B). Each line represents a single subject and joins 
his control value (C) with his value during increased heart 
rate (H). The present patients are compared with normal sub- 
jects without heart disease reported previously.” (There is a 
systematic error in the pyruvate and L/P data in reference 
12: the pyruvate values published there should be multiplied 
by 0.607. The L/P values for the normal subjects have been 
corrected here.) 


30 


28 


24 


Figure 2. The hemoglobin O, affinity, expressed as the pO, 
at which the hemoglobin is 50 percent saturated with O, 
(Pæ). The present patients (B) are compared with normal 
subjects (A) described previously.“ Each dot represents a 
single subject. The horizontal lines represent the means of 
the 2 groups. 








TABLE Ill 
Followup Study 


Length of 
Case Followup Chest Pain PRS NAE 7 
no. (mo.)  StillOccurs Increased Decreased Unchanged 
1 y a 5 eis 
2 28 + + A. 
3 28 = e + 
4 27 + 3% 
5 26 + + 
6 25 ES + 
7 24 + + 
8 16 0 s pi 
9 14 + + 
10 14 0 x Y^ 
11 13 E + 


* No followup data in Case 1. 


on the coronary arteriograms. Some other patients 
were excluded from this report on the basis of mi- 
nor coronary disease which was apparent only on 
the high definition large-cut films and which prob- 
ably would have been overlooked on the cineangio- 
grams alone. We were unable to find any pattern 
of distribution or size of the coronary arteries that 
was unusually prevalent in these patients. A small, 
and probably insignificant, arteriovenous fistula 
from the anterior descending branch of the left 
coronary artery to the pulmonary artery was pres- 
ent in Patient 5. 

Followup study: One year after the last patient 
was studied, we sent a followup questionnaire to 
each patient, which was returned to us by all but 
Patient 1, whom we could not locate. The followup 
period ranged from 13 to 28 months in different 
patients (Table III). Episodic chest pain disap- 
peared in 2 patients and decreased in frequency in 
3 others; it became more frequent in only 1. No 
patient experienced symptoms suggesting myocar- 
dial infarction during the followup period. 


Illustrative Case Reports 


The clinical features of 2 of these patients are 
more completely described in the following re- 
ports; those of a third have already been reported 
in detail.* 


Case 2: This patient was a 54 year old housewife 
who had experienced bouts of chest pain for 7 years. 
Recent increase in frequency of the pain prompted her 
physician to refer her to the Medical School Hospital. 
The pain, dull and aching, arose behind her left breast, 
often extending to the medial aspect of her left upper 
arm. The onset of pain invariably oceurred when the 
patient was physically active—walking hurriedly, hang- 
ing clothes or lifting. Then, upon cessation of the ac- 
tivity, the pain subsided within 5 minutes. Taking ni- 
troglycerin sublingually would shorten the period to 2 
minutes. In spite of the consistent relation of her symp- 


Figure 3. Case 2. Stress electrocardio- 
gram. The resting control tracing (left 
panel) is normal. After breathing 10 per- 
cent O, for 5 minutes, arterial blood O; 
saturation (SaO, determined by ear piece 
oximeter) decreased from 96 to 86 per- 
cent, and segmental S-T depression oc- 
curred in leads ll, Ill, aVF and V, to Ve, in- 
dicating myocardial ischemia. There was 
no chest pain. The electrocardiographic 
leads were moved from the legs to the 
costal margins before exercise. Then, the 
subject pedaled a bicycle ergometer with 
graded loads to 350 kpm, causing pain in 
the medial aspect of the left arm, pre- 
dominantly junctional S-T segment de- 
pression in leads Il, III and aVF, and seg- 
mental (ischemic) S-T depression in leads 
V, to Ve. 


Figure 4. Case 2. Selected cut films of 
coronary angiograms. Top panels show left 
coronary arterial injections in (from left to 
right) right anterior oblique, left anterior 
oblique and left lateral positions. Bottom 
panels show right coronary arterial injec- 
tions in the same 3 positions. 





MYOCARDIAL ISCHEMIA AND NORMAL CORONARY ARTERIOGRAM 


oO 
eo 
= 
and 
2zU 
eo 


L 









-L 

ag 

V 

O 

x 

m 

= 

> 
LITT CO 
m 

"(1 

e 

zD 

i m 
m 

x 

m 

a 

e 

co 

m 

; IU 
x 

m 

zm 

e 
ir 
m 








































































LLLI 
ti east e HE MMMML OPERE IEEE, ~~ + 
~ 


E EEEEEH s HS £22555 55552522: HH = tH dubi = HEHE Htt t LH H 
I B A H go dB 55? 125555222250 225552500 18822222 BUREE 
TU eee em ee eee a aE eee eee CR ma aa EEEH E E 
Ss el Hf 
HEHIEHEHISIEHEEEEHHE HUBER Tape 
HEERE R E HHBHBHBRE E ER HIPPRBBPRRBRERISBR dL PRN NHH] HR i = 
RHEGEIEUEROHESERI EE SEG 351 1229552221011, $8855 HG BE 
ll ijuod d LA E LI UN d 
wei bnpl EM Fu ee ue IM E bel =~ 235 irs wp ts PN 
pup 3222222224222! g 5525522555222: HH iij 
HEE HB GG H FB HEBR z HEH PHHH 
oe HIC 7 
HEHEIEEIE EL SEHE: SEEHHE IE 
A H IEEE HS 
prea, em npr sata reap ai | FREE i 
ESSESEHHHUEHHHEHE EH i 
HSHSBHHEUBESEBHERHHEHE BER - 
AVR» k a HE i a. HE #5 i 
esssilssss 8's szacfuc. os tessa PP]. nu -— pep 
Du oa ee 
beet = = [i H1 [Pp Fi £ 
AV L mhhh sei ls iii DEED 
HUGE E UE 
EHE EE CE Hid 
HUBUUHBEISHIEHELHGHBG IG EG 
AVF AEG PEE A 
Phí iue V. apatan aag apps ia 
"o 
Gii pi pipii: EH 3: EH i 
siis] puntos sicci pite EEEE EEEE GE E GG ER HEB EE 
| Hb HIHHHIE HIHHHE Tur. rue gu sit tis 
z z = 
ut EHHHEHHBIHES HE 
H EEEE H 
i t HiH H 
f ii Hii f 
i E i5857 s 






5 
DUUM 
MIMENMEI §«NDTEAERS GAEDE ROGDAREEEA ESE 
TTB 
nth 
Hino UH HU 


nin mmm 

nn 

"i. 

PTENEEEEEHEETEHEEEHETEETTEEETEI 
imn nni 








70999090999909 





as 
t 








—— MEER Rat TOSI i Lonan T TTTS TEIL EU TIEN. 71 


I X 
EM amc EMERGED DS emer Soo GRON OTO MED. — coti oese ULL 7 
n 


tiii ii Hi 
Sess Li E f 
V3 HUE EE ii 
SSeS ices. di! 124822]: hid | ons ncs 
d Wu | HHH ii 
d E 
Full 
EO A 


Ct 


— 
„æ... 


Laai 
"t 
M" ar 
" or 
n 

p 
i, 
a. 
A 
uw 
Lu 

"m 





[T TTITEHITITIITIII 


EE 3 


LE T ud 
s 


Fit 


| I 
FTTTTT TT T1 Tht TTT TT 
TTT TTT TT | HTI 


NEILL ET AL. 


toms to exertion, on other occasions she could accom- 
plish the same exertion, or more, without the slightest 
difficulty. 

Aside from mild intermittent constipation, the pa- 
tient had had no other significant illness. Menopause 
occurred spontaneously at age 49 years. Medications 
were aspirin, milk of magnesia and nitroglycerin; she 
took no tobacco and little alcohol. There was no known 
family history of heart disease, and both parents lived 
into their ninth decade. 

Physical examination disclosed the following: height 
166 em, weight 64 kg, pulse 72/min, blood pressure 
120/76 mm Hg, respirations 14/min, temperature 
36.9C. She was slightly obese with a calm, easy-going 
outward appearance. There were varicose veins in both 
legs but no edema. There were no abnormal findings on 
cardiac examination, Laboratory findings were as fol- 
lows: routine hematologic examination normal; uri- 
nalysis 3 to 5 white cells per high powered field; blood 
urea nitrogen 18, creatinine 0.9, fasting blood sugar 80 
and total cholesterol 160 mg/100 ml. Chest roentgeno- 
gram was normal. Resting electrocardiogram was nor- 
mal, but exercise as well as hypoxemia caused clearly 
abnormal S-T segment depression (Fig. 3). Left ven- 
tricular cineangiography showed normal ventricular 
size and contractility. Left ventricular end-diastolic 
pressure was 9 mm Hg. Selective left and right coro- 
nary arteriography showed normal findings (Fig. 4). 

Exertional chest pain continued to occur with grad- 
ually increasing frequency during the 28 months in 
which she was home as a housewife after her cardio- 
vascular investigation. 
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Case 7: This patient, a 45 year old nurse, experi- 
enced progressively severe episodic chest pain for 6 
months. Her pain, at times substernal tightness and at 
others a substernal erushing sensation radiating to the 
throat, jaw, left shoulder or left scapular region, was 
precipitated by walking uphill or climbing stairs, but 
more often by emotional excitement. When intense, the 
pain was accompanied by perspiration and nausea. Ini- 
tially, she attempted to ignore the pain and to persist 
in her exertion. However, this approach was never suc- 
cessful and only intensified the pain, at length forcing 
her to rest, which brought relief within 5 minutes. Re- 
lief was not further hastened by administration of ni- 
troglycerin. As her pain became more frequent, it be- 
gan to occur at night and woke her from sleep. 

For the past 2 years she has noted occasional periods 
of fatigue, lightheadedness and muscle weakness oc- 
curring in the late afternoon and disappearing after 
eating. A total hysterectomy was performed for bleed- 
ing myomas at age 43 years. Medications were aspirin, 
Darvon® and Librium®. She has smoked 1 pack of cig- 
arettes daily for 30 years. Use of alcohol is slight. Her 
father died from a heart attack at age 48 years. 

Physical examination showed height 170 cm, weight 
59 kg, pulse 80/min, blood pressure 110/65 mm Hg, 
respirations 16/min, temperature 37.0C. Her appear- 
ance was tense and anxious, and her hands cool and 
moist. Tenderness in the left anterior fourth inter- 
costal space was discovered on 1 occasion, but did not 
persist. There were no abnormal findings on cardiac 
examination. Laboratory findings were: hematocrit 37 
vol %, hemoglobin 11.3 g/100 ml, white blood cell count 
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Figure 5. Case 7. Stress electrocardio- 
gram. The resting control tracing (left 
panel) is normal. After breathing 10 per- 
cent O: for 15 minutes, SaO, decreased 
from 95 to 80 percent, the subject felt 
lower substernal and right shoulder pain, 
but no significant electrocardiographic 
changes occurred. With the electrocardio- 
graphic leads moved to the costal margins, 
the subject pedaled a bicycle ergometer 
with graded loads to 500 kpm, causing sub- 
sternal pain, and segmental S-T depres- 
sion in leads |l and Ill compatible with 
myocerdial ischemia. 
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Figure 6. Case 7. Selected cut films of 
coronary angiograms. Top panels show left 
coronary arterial injections in (from left to 
right) right anterior oblique, left anterior 
oblique and left lateral positions. Bottom 
panels show right coronary arterial injec- 
tions in this patient taken only in the right 
anterior oblique (left panel) and left an- 
terior oblique (right panel) positions. 


and differential normal; urinalysis 6 to 8 red cells per 
high power field; urine culture no growth. Lupus ery- 
thematosus preparation, direct Coombs test, rheuma- 
toid factor, serum protein electrophoresis were normal. 
Blood urea nitrogen was 9 and total cholesterol 216 
mg/100 ml; fasting blood sugar was 80 mg/100 ml and 
glucose tolerance tests on 2 occasions demonstrated 
functional hypoglycemia, blood glucose decreasing to 
42 and 45 mg/100 ml at 3 hours. X-ray examination of 
chest, cervical and thoracic spine was normal. Electro- 
cardiogram was normal at rest, but S-T segment de- 
pression just beyond normal limits occurred during ex- 
ercise (Fig. 5). Left ventricular cineangiography 
showed normal ventricular size and contractility. Left 
ventricular end-diastolic pressure was 9 mm Hg. Se- 
lective left and right coronary arteriography showed 
normal findings (Fig. 6). Hemodynamic data from 
right heart catheterization were normal. Resting mean 
pressures were right atrium 3, pulmonary artery 11 
and pulmonary “capillary wedge" 6 mm Hg; cardiac 
index was 4.7 liters/min per m?, and mixed venous 
blood O, saturation was 76 percent. 

We have observed this patient for 2 years following 
her investigation. Thorough examination for an ortho- 
pedic origin of her chest pain has had negative results. 
Her symptoms are unchanged but do not prevent her 
from working. 


Discussion 


Chemical evidence of myocardial hypoxia during 
stress: In patients in whom obstructive coronary 
disease is demonstrated by arteriography, myocar- 
dial hypoxia due to a limited capacity to increase 
coronary blood flow through the narrowed vessels 
provides a plausible pathophysiologic explanation 
for chest pain and electrocardiographic abnormali- 
ties when myocardial O, needs suddenly increase, 
as on physical exertion. However, in patients 
whose coronary arteries appear normal on arteri- 
ographic examination, the pathophysiology of 
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similar clinical manifestations is mysterious. A 
crucial question, which we attempted to answer in 
our study, is whether the chest pain and electro- 
cardiographic abnormalities in patients without 
demonstrable coronary atherosclerosis also sig- 
nify the presence of underlying myocardial hy- 
poxia produced by some alternative mechanism 
that interferes with myocardial O, supply. Such a 
mechanism might be microscopic coronary vessel 
disease, failure of coronary vasodilation, abnor- 
mal affinity of hemoglobin for O., or myocardial 
metabolic defect. In the majority of patients who 
do have documented coronary atherosclerosis, myo- 
cardial hypoxia can be detected by a chemical 
change in the coronary venous blood draining the 
myocardium, that is, increased coronary venous 
lactate: pyruvate ratio (L/P.,), when the heart 
rate is increased even to only modestly high levels 
by electrical pacing or administration of atropine.’ 
Moreover, angina pectoris occurs during this type 
of tachycardia in about half of the patients with 
coronary disease. Yet, none of the patients in our 
study experienced chest pain, and only 1 showed 
chemical signs of myocardial hypoxia when the 
heart rate was increased to equivalent levels by the 
same method. Thus, when myocardial O, needs are 
increased by induced tachycardia, myocardial hy- 
poxia and chest pain that occur in patients with 
coronary disease were absent in the study group. 
We interpret this finding to mean that the symp- 
toms in our patients were not due to limited coro- 
nary reserve leading to myocardial hypoxia dur- 
ing stress, as is the case in coronary heart disease, 
but had a different basis. 

We recognize 2 weaknesses in this line of rea- 
soning which render our conclusion tentative and 
acceptable only until further evidence emerges. 
The first of these pertains to the degree, and the 
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second to the type of stress employed. Although 
the same degree of tachycardia that we used pro- 
duced chemical signs of myocardial hypoxia in the 
patients with coronary disease previously de- 
scribed, a still higher heart rate stress might be 
required to elicit the hypoxia in the present pa- 
tients if they had a coronary disorder of lesser 
magnitude or different nature. Secondly, it could 
be pertinent that the chest pain occurring under 
natural conditions in the present patients is 
brought on by physical exertion or emotion, not by 
electric pacing. In contrast to our experience in 
patients with coronary atherosclerosis, the type of 
stimulus might be critical in a different type of 
coronary disorder. Another group of investigators 
reported a high incidence of myocardial hypoxia 
during administration of isoproterenol in patients 
with episodic chest pain and normal coronary ar- 
teriograms.® Whether this difference from our 
results represents an underlying difference in the 
coronary response of these patients to electrical 
pacing as opposed to their response to physical ex- 
ertion or isoproterenol is a possibility that needs to 
be investigated. The opposing results of the 2 in- 
vestigations could be due also to the difference in 
radiologic techniques used to exclude coronary 
atherosclerosis. 

The single case in which the patient did show 
chemical signs of myocardial hypoxia may repre- 
sent a different entity from the other 10. This pa- 
tient was the subject of a previous communica- 
tion.” The mechanism of her hypoxia is unknown, 
although some theoretical possibilities have been 
proposed.’ 

Hemoglobin O, affinity: We investigated the 
suggestion previously made? that a failure of the 
hemoglobin to release its O, normally might be re- 
sponsible for myocardial hypoxia in the absence of 
coronary artery disease or ischemia. One possibil- 
ity is that an increased affinity of hemoglobin for 
O» might shift the equilibrium O» dissociation 
curve. This condition would have been detected by 
a low pO, and high O, concentration in samples of 
coronary venous blood, as well as by a low P;,, 
neither of which was found in these patients. An- 
other possibility is that the difficulty in removing 
O, from the hemoglobin might be due solely to a 
slow rate of release, too slow to permit equilibra- 
tion during the brief passage of blood through the 
capillaries. In this case, the pO, might be low in 
the capillaries (if O, diffusion into the myocar- 
dium exceeded its rate of release by the hemoglo- 





bin), but would rise subsequently as more O» dis- 
sociated, and the coronary venous blood pO. might 
be normal or above normal by the time we de- 
termined it in the laboratory. However, there is a 
common denominator for either possibility: If the 
O» were not released by the hemoglobin, it would 
remain in the blood, resulting in high coronary ve- 
nous blood O.» concentration. But, coronary venous 
blood O; concentration and coronary blood (a-v)O; 
in these patients were the same as in normal sub- 
jects. Not only does the normal mean P;, value in 
this group of patients demonstrate normal blood 
O» affinity at equilibrium, but their normal mean 
coronary blood (a—v)O. difference is strong inde- 
pendent evidence against a significant defect of 
any type in the release of O, by hemoglobin in their 
coronary capillaries. 

Clinical implications: The characteristics of the 
chest pain as a symptom were comparable to those 
of patients with coronary heart disease. However, 
2 features of the present group of patients stand 
out distinctly and suggest that their ultimate clini- 
cal course differs in an important way from that 
of patients with coronary atherosclerosis. First, 
we have no sign that the function of the heart as 
an organ is impaired. Although we did not investi- 
gate cardiac function in the laboratory in a de- 
tailed systematie manner, the complete absence of 
signs or symptoms of cardiac failure, as well as 
normal left ventricular filling pressure and angio- 
graphic findings, indicates that function is at least 
not severely impaired. Second, no patient has had 
clinieal or electrocardiographic evidence of myo- 
cardial infarction. In 5 patients the chest pain 
either disappeared or became less severe within 1 
to 2 years after the initial study. 

Although the available evidence suggests a be- 
nign course or perhaps even the absence of a pro- 
gressive type of heart disease in all but 1 of our 
patients, we regard the explanation of their chest 
pain to be unsettled at present and, accordingly, 
prefer to keep an open mind regarding the even- 
tual clinical outeome in these and other similar 
cases. 
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Statistically significant late results of coronary artery bypass pro- 
cedures will be unavailable for 5 to 10 years. This repor: sum- 
marizes a critical analysis of the present status of 480 patients fol- 
lowed up for 1 to 30 months after coronary artery bypass. Thirty- 
day hospital mortality was 6.2 percent and appears to be declining. 
Arteriographic studies have shown only 1 of 220 patients without at 
least 1 functioning graft. Graft occlusions appear to be ear!y and 
technically oriented and ranged from 11 to 14 percent. Significant 
symptomatic improvement as determined by cardiologists was ob- 
served in 92 percent of patients. According to functional classifica- 
tion there was a striking shift from preoperative New York Heart 
Association classes Il, IIl, and IV, to class I as a result of improved 
myocardial blood flow. No degenerative changes in autogenous vein 
bypass grafts have been observed. 


Within the past 3 years a most effective treatment for ischemic 
heart disease, in the form of the distal coronary bypass, has 
evolved in our hands and other centers.'* The treatment in its 
basic form consists of complete revascularization of all ischemic 
peripheral coronary vascular beds by means of reversed saphe- 
nous vein bypass segments attached proximally to the ascending 
thoracic aorta and distally to coronary arteries beyond all sig- 
nificant arteriosclerotic lesions (Fig. 1). Immediate results from 
this form of therapy have been well documented and include im- 
mediate high flow rates with resulting salutory physiologic effects 
on the ventricular myocardium. Significantly, there has been very 
low risk compared with previous surgical efforts to revascularize 
the ventricular myocardium. Furthermore, early evaluation of 
patency in these distal vein bypass grafts indicates nearly 90 per- 
cent to be open, and in our series at least 1 functioning graft was 
visualized in 99 percent of patients. 

The immediate effectiveness of distal coronary bypass with a 
low operative mortality is now generally recognized. Information 
regarding long term myocardial function and patient survival is 
not now available. This fact is readily apparent considering that 
one of the innovating centers reporting the largest series of early 
results had never bypassed to the left coronary artery according 
to a publication dated 1969.7 Thus, truly long-term results of the 
distal coronary bypass will not be available from any center for 
5 to 10 years. Current appraisal of patients who have undergone 
the procedure during the past 215 years is timely and may be pre- 
dictive of 10 year results. This report therefore presents a criti- 
cal analysis of the status of 480 patients who had this operation 
in its pure form, that is without implants, endarterectomy or 
other forms of revascularization, and who were followed up for 
] month to 215 years. 
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Figure 1. Selective coronary arteriograms of a 46 year old 
man. a, preoperative, showing extreme stenosis in the middle 
third of the right coronary artery (left) and the proximal third 
of the left anterior descending coronary artery (right). b, post- 
operative arteriograms showing vein bypass grafts to right 
coronary artery (left) and to left anterior descending cor- 
onary artery (right) with bidirectional flow in both segments 
distal to disease. 


Clinical Material and Methods 


In this study 480 patients having undergone aorto- 
coronary bypass as the sole form of direct myocardial 
revascularization underwent cardiologic evaluation 1 
to 80 months after operation. The average period after 
operation was 1 year with an 87 percent follow-up rate. 
All but 4 percent of patients who exhibited congestive 
failure without pain had angina before operation, and 
53 percent had evidence of myocardial infarction (Fig. 
2). Severity of preoperative cardiac disease is reflected 
in the high incidence of patients with functional class 
III and IV disease (New York Heart Association) (70 
percent); with increased end-diastolic pressure (38 
percent); and with congestive heart failure (22 per- 
cent) (Table I). Age of patients ranged from 23 to 76 
years and averaged 50 years. Male patients predomi- 
nated by a ratio of more than 10 to 1. 

Operative technique has been previously described in 
detail. In summary, it consisted of placement of re- 
versed saphenous vein grafts from the ascending tho- 
racic aorta to 1 or more coronary arteries beyond dis- 
ease during normothermic total cardiopulmonary by- 
pass with 5 percent dextrose in water dilutional pump 
prime and ischemic arrest for distal end-to-side anas- 
tomoses.* 


Results of Follow-Up Study 


Thirty-day hospital mortality has been steadily 
declining despite a high and rising percentage of 
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PREOPERATIVE SYMPTOMS 






Symptom Per cen 

^ We): 200° 30 5 50 
Angina + MI* | JL 
Angina alone 


Angina + MI* + CHF 
Status anginosus 
Angina + CHF 

CHF alone 


~ 


* Previous MI in 53% 


Figure 2. Clinical status of 480 patients before operation. 
Only 4 percent of patients had no angina and had conges- 
tive heart failure (CHF) alone. Previous myocardial infarc- 
tion was apparent in 53 percent of patients, and congestive 
heart failure in 22 percent. MI — myocardial infarction. 


TABLE ! 
Severity of Disease 


Patients 

Severity (9$) 

Functional classes ll! and IV 70 
At least 3 major coronary arteries significantly 

stenotic or occluded 62 

Major arteries occluded 60 

Previous myocardial infarction 53 

Increased left ventricular end-diastolic pressure 38 

Preoperative congestive heart failure 22 


poor risk patients. According to functional class, 
30-day mortality ranged from 0 for patients in 
class I, to 0.8 percent for those in class II, and to 
6.3 percent for those in class III, the latter group 
accounting for almost half of patients. In the sal- 
vage group, class IV, the mortality jumped to 12.2 
percent (Table II). Similarly, 30-day mortality 
was related to the number of major coronary ar- 
teries appearing at least 50 percent narrowed in 
preoperative cinearteriograms, ranging from 2.5 
percent with 1 vessel involved to 4.2 percent with 
2 and 8.0 percent when 3 vessels were diseased. 
The mortality again sharply increased to 14.1 per- 
cent in the salvage group showing 4-vessel involve- 
ment (Table III). Late mortality appears low, 
and the study suggests that it is declining in direct 
relation to more complete operations (Table IV). 
In the group of 278 patients followed up from 6 to 
30 months, 2.6 percent have died, whereas no 
deaths have yet occurred in 202 patients followed 
up for 6 months or less. The trend toward more 
complete operative revascularization is reflected in 
the use of single grafts which has declined from 
66 percent in the earlier group to 41 percent in the 
more recent series (Table V). 

Symptomatic improvement: Significant im- 
provement with striking relief from preoperative 
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TABLE Il 
Relation of Functional Class and Mortality 


Patients Mortality* 
Class (A) (%) 
| 3 0 
H 27 0.8 
Il 48 6.3 
IV 12 12.2 


* Overall mortality 6.2 percent. 


TABLE Ill 
Relation of Involved Major Arteries to Operative Mortality 





Arteries Involved* Patients Mortality 
(no.) (90) (70) 
1 13 2.5 
2 25 4.2 
3 54 8.0 
4 8 14.1 


* At least 50 percent stenosis or complete occlusion of right 
coronary, left anterior descending, left circumflex coronary and 
left main coronary arteries. 
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92% excellent to good results 
56% have no symptoms 


Figure 3. Postoperative improvement as assessed by cardi- 
ologist. Complete or significant relief of angina was ob- 
served in 92 percent of patients, and 56 percent were com- 
pletely free of symptoms. 


Activity % Patients 
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Full time work OM 
Housewives Yy 
Retired and active 
Not working 
Disabled 





85% increased activity 
15% unable to increase activity 
Figure 5. Activity status of 480 patients following coronary 


artery bypass. Only 15 percent of patients appeared unable 
to increase activity at the time of follow-up analysis. 


TABLE IV 
Survival Data 


Follow-Up Period 
te cd i Total 
6-24 Months <6 Months Patients 
Mortality (278 patients) — (202 patients) (480) 
30 day 6.8% 6% 
Late 2.6% yes TE 
Overall 9.4% A 6.3% 
TABLE V 
Increase in Multiple Graft Procedures 
Follow-Up 
Grafts 6-24 Months* <6 Monthst 
Single 185 (66%) 84 (41%) 
Double 87 (31%) 112 (55%) 
Triple 6 ( 3%) 6 ( 4%) 
Total 278 202 
* 278 patients had 377 grafts. 
t 202 patients had 326 grafts. 
Functional Patients 
Class 
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V/A Preoperative 
Postoperative 
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Figure 4. Comparison of New York Heart Association func- 
tional class before and after operation. Note the striking up- 
ward shift in functional class produced by improved myo- 
cardial blood flow in the preoperative classes II, Ill and IV. 
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angina, as determined by cardiologists, was ob- 
served in 92 percent of patients (Fig. 3). Improve- 
ment in functional class following coronary bypass 
was most significant. Most patients in class II 
shifted to class I, and the vast majority of patients 
in class III showed sufficient improvement to be 
grouped in class I. Similarly, in the salvage cata- 
gory of class IV patients, most were considered to 
be in classes I and II after operation. (Fig. 4). 

Postoperative activity had increased signifi- 
cantly in 85 percent of patients at the time of this 
study, and only 15 percent of patients appeared to 
be unable to increase their activity (Fig. 5). 

Recurrent myocardial infarction: Early non- 
fatal myocardial infarction within 30 days after 
operation occurred in 8.2 percent of patients, and 
fatal infarction in 2.8 percent. Late nonfatal in- 
farction from 30 days to 30 months occurred in 3 
percent of patients. However, in the late period, 
there were 6 deaths which were assumed to be 
caused by infarction, but there was no postmortem 
confirmation (Table VI). 

Postoperative arteriography: This procedure 
was performed in 220 patients after coronary ar- 
tery bypass. Only 1 of these patients was without 
a single functioning graft, and all other patients 
studied could be classified as showing improvement 
from an arteriographic point of view in that at 
least 1 bypass was open and functioning. However, 
the percentage of occluded grafts ranged from 11 
percent in studies made less than a month after 
operation to 14 and 13 percent, respectively, for 
the 12 and 30 months groups (Table VII). In con- 
trast, however, other studies have shown nonpa- 
tency rates as high as 23 percent. 


Discussion 


Truly significant late results of coronary bypass 
will be unavailable from any center for 5 to 10 
years. This study of 480 patients with an average 
follow-up period of 12 months and a range of 1 to 
30 months is all that is available in longer-term 
analysis, but hopefully will serve a predictive func- 
tion for true long-term results. The study has 
shown clearly a low operative mortality for pa- 
tients with less than 4-vessel involvement and for 
patients with less than functional class IV preoper- 
ative status. For salvage patients with end-stage 
ischemic heart disease, the mortality has been 
higher but acceptable and appears to be declining 
(Tables II to VI). There has been a delayed mor- 
tality in only 2.6 percent of patients followed up 
from 6 to 30 months. Late myocardial infarctions 
have occurred in only 3 percent of patients. Data 
on 6 late deaths in which no postmortem studies 
were available are summarized in Table VIII. At 
least 4 of the 6 patients had inadequate operations 
in that not all of the severely narrowed major 
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TABLE VI 


Postoperative Myocardial Infarction 


Myocardial Infarcts (95) 


Time Nonfatal Fatal 
Operative (30 days) 8.2 2.8 
Late (2 years) 3 (6)* 

Total 11.2 (10.8) 


* Sudden deaths outside the hospital without autopsy. 


TABLE VII 


Postoperative Arteriograms 


Patients 
Reoperated 
Months Open (95) Closed (95) Upon* 
1 89 11 2 
6 88 12 5 
12 86 14 1 
30 87 13 


* Severe symptoms returned at time of occlusion. 


TABLE VIII 
Late Mortality* 





Postop. 
Period Age NYHA X Bypass/ Operative Postop. 
(mo) (yr) Class Disease Complications result 
i 47 Il 1/3 ECG ischemia Good 
1.5 48 II 2/3 MI Poor 
4 49 I 1/1 None Good 
5 52 II 1/2 ECG ischemia Good 
5 39 III 1/1 None Good 
12 55 IV 1/3 None Fair 





* Total late mortality 2.1% to 30 month follow-up. 

ECG = electrocardiographic changes of; MI = myocardial 
infarction; NYHA class = New York Heart Association func- 
tional classification; postop. = postoperative. 


TABLE IX 


Characteristics of Patients Without Improvement 








Preop. Duration NYHA Bypass/ EDP Operative 

Symptoms (mo) Class Vessels (mmHg) Complications 
MI/ANG/CHF 108 IV 1/3 26 MI 
MI/ANG/CHF 60 Il 1/3 6 MI 
MI/ANG 36 Hl 1/3 8 MI 
ANG 96 Hl isk 4 Operative 
MI/ANG/CHF 73 IV 1/3 21 None 
MI/ANG 42 Hl 1/3 18 None 
MI/ANG 62 IV 1/3 17 MI 
MI/ANG/CHF 58 IV 2/3 24 None 


ANG = angina pectoris; CHF = congestive heart failure; 
EDP = left ventricular end-diastolic pressure. 
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Figure 6. Drawings and selec- 
tive coronary arteriograms of 52 
year old man. A, preoperative, 
showing complete occlusion of 
right coronary artery and 10 per- 
cent narrowing of the proximal 
left anterior descending coronary 
artery. B, 10 days after distal 
right coronary bypass. Note vis- 
ualization of venous valve and 
lack of arterialization of graft. C, 
2 years after operation. Patient 
returned because of 2 morth his- 
tory of increasing angina. Note 
absence of previously visualized 
venous valve and obvious ar- 
terialization of bypass graft (2). 
Angina had recurred after 22 
months as the result of progres- 
sion of 10 percent stenosis to 90 
percent stenosis in left anterior 
descending coronary artery (see 
arrows). D, Drawing and photo- 
micrographs showing source of 
biopsy material and arterializa- 
tion of vein graft 2 years after 
operation. Elastic tissue stains 
and hematoxylin and eosin stains 
show appearance of normal ar- 
tery wall. After secondary opera- 
tion with bypass to left anterior 
descending coronary artery the 
patient became asymptomatic. 
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coronary arteries were bypassed. Similarly in ana- 
lyzing data in 8 patients showing no functional im- 
provement, all had incomplete operations except 
1 who had an operative complication (Table IX). 
Furthermore, 6 of the 8 had the operative compli- 
cation of myocardial infarction, and all were in 
preoperative classes III and IV. Their findings 
suggest that failure tends to be the result of in- 
complete operation or technical error. 
Arteriographic evidence of graft occlusion 
varied from 11 percent in studies made within a 
month after operation to 14 and 13 percent, respec- 
tively, at 12 and 30 month periods of follow-up 
(Table VII). The very small addition of 2 to 3 per- 
cent occlusions in the early and late arteriograms 
suggests that late occlusions are rare and that 
most graft occlusions occur early and are techni- 
cally oriented. Only 1 of 220 patients failed to ex- 
hibit at least 1 functioning bypass graft. Late ar- 
teriograms and biopsy specimens show arterializa- 
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tion of the vein grafts and no degenerative changes 
in the grafts have been noted (Fig. 6). 

Follow-up appraisals of patient activity shows 
that only 15 percent were not helped in this aspect, 
and most of these patients had been in functional 
class IV preoperatively (Fig. 5). Hence, even these 
patients with no increase in activity may have 
been helped in respect to survival. Probably the 
most striking finding in this study has been the 
upward change in functional classification of the 
patients in preoperative classes III and IV (Fig. 
4). With few exceptions, the functional classifica- 
tion of these patients was converted to classes I 
and II by coronary artery bypass. 


Addendum 


Since submission of this manuscript, an additional 
1,400 patients have undergone coronary artery bypass 
procedures. Two patients have returned with evidence 
of intimal and medial hyperplasia of the vein graft. 
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Patients belonging to the Jehovah's Witness faith may present a 
special problem when undergoing open heart surgery since they 
steadfastly refuse blood transfusion. Using a bloodless prime tech- 
nique of extracorporeal circulation, we performed during an 8-year 
period 42 open heart operations for acquired heart disease in a con- 
secutive series of 40 patients who were Jehovah's Witnesses. Three 
patients (7 percent) died, and only 1 death was caused by anemia. 
The favorable results we attribute in part to the brief periods of 
cardiopulmonary bypass used. In more than 70 percent of cases 
pump time was less than 40 minutes. We believe that our experience 
demonstrates the feasibility of open heart surgery in Jehovah's Wit- 
nesses and, moreover, indicates that blood transfusion can and 
should be used sparingly to reduce morbidity and mortality in all pa- 
tients. 


"Every moving thing that liveth shall be meat for you .. . but flesh 
with the life thereof, which is the blood thereof, shall ye not eat." 
(Genesis 9:3,4) 


Literal interpretation of this and other similar Biblical passages 
has caused many patients belonging to the Jehovah's Witness 
faith to refuse blood transfusion in the belief that it is a sin 
against God, and thus deny themselves the benefits of open heart 
surgery. This religious sect originated in 1870 in a small Bible 
study class in Allegheny, Pa. All members are preachers, and 
their evangelistic work has resulted in phenomenal growth. The 
faith is now represented in 193 countries, has a worldwide mem- 
bership of more than 1,250,000 and numbers more than 343,000 
members in the United States alone.‘ Fundamentalists by nature, 
the Jehovah's Witnesses derive all matters of policy from scrip- 
tural sources—even their name, which was conceived from the 
Bible passage: “Ye are my witnesses, saith the Lord...” (Isaiah 
43:10). Their steadfast refusal of blood transfusion, which they 
regard as an actual "eating of blood" (in the same manner that 
an infusion of glucose solution provides nourishment), is based on 
a literal interpretation of Biblical references such as the follow- 
ing: 


"And whatsoever man... that eateth any manner of blood; I will 
even set my face against that sou! that eateth blood, and will cut him 
off from among his people. For the life of the flesh is in the blood ; 
and I have given it to you upon the altar to make an atonement for 
your souls; for it is the blood that maketh an atonement for the 





soul. Therefore I said unto the children of Israel, 
no soul of you shall eat blood." (Leviticus 17:10- 
14) 


Jehovah's Witnesses rarely depart from their 
religious beliefs by accepting blood transfusion, 
even when the alternative is death. The surgeon 
unwilling to treat these persons on the terms of 
their faith should not accept them as patients. To 
administer a transfusion to such patients against 
their wishes could imply bodily assault and consti- 
tute a violation of their rights.?? 

The advent of hemodilution techniques for car- 
diopulmonary bypass using a bloodless prime has 
allowed these patients safe repair of cardiac de- 
fects without blood transfusion. Since 1962 blood- 
less prime has been routinely utilized in more than 
5,000 operations at this institution with excellent 
results; and several hundred of these operations 
were performed electively without blood transfu- 
sion in patients most of whom were not Jehovah's 
Witnesses.9? 

In this report we detail our experience with 42 
open heart operations for acquired heart disease 
performed on 40 Jehovah's Witnesses without us- 
ing blood. 


Method 


Hemodilution perfusion has been used since 1962 at 


this institution and was employed in all cases in this 
study.^7 The priming volume of a Travenol bag or 
Bentley Temptrol oxygenator consisted of 20 to 30 ml 
of 5 percent dextrose solution per kilogram of body 
weight, with 25 mg of heparin added per 1,000 ml of 
priming solution. Normothermia was maintained dur- 
ing perfusion. Upon completion of bypass, all the blood 
in the extracorporeal unit was slowly returned to the 
patient, 

The Jehovah's Witness patients in this series re- 
ceived the same treatment as all other patients except 
that all Witness patients received injectable iron before 
and after operation, and no blood was held in reserve 
for them at the blood bank. The only fluid they received 
was the priming solution and intravenously adminis- 
tered dextrose in dilute saline or Ringer's lactate solu- 
tion, Dextran was used in only 1 patient, who had pro- 
longed excessive bleeding after surgery and subse- 
quently died. 


Case Material 


From May 16, 1962 to May 15, 1970, 42 open heart: 
operations for acquired heart disease were performed 
without blood transfusion on 40 Jehovah's Witnesses. 
The patients ranged in age from 29 to 69 years (aver- 
age 42 years). Most patients underwent mitral valve 
replacement (13 cases) or aortic valve replacement (12 
cases). Other operations included double and triple 
valve surgery, mitral annuloplasty, bilateral aortocoro- 
nary bypass, and left ventricular aneurysmectomy (Ta- 
ble I). In more than 70 percent of cases less than 40 
minutes of perfusion time was required for surgical 
correction. 
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TABLE | 


Results of 42 Open Heart Operations for Acquired Heart 
Disease in 40 Jehovah's Witnesses 


Duration of 
Total 
Cardio- 
pulmonary 
Deaths Pump Time 
Patients (Mortality) (range in 
Procedure (no.) (no.) min) 
Mitral valve replacement 13 1 (8%) 18-39 
Aortic valve replacement 12 0 30-43 
Double valve surgery 9 2 (22%) 37-60 
Mitral annuloplasty 0 11-21 
Triple valve surgery 1 0 60 
Bilateral aortocoronary bypass 1 0 72 
Repair left ventricular aneurysm 1 0 19 
Total 42 3 (7%) 
Results 


Mortality for the entire series was 7 percent 
or 3 deaths, and it was greatest (22 percent) in 
the 9 patients who had double valve surgery (Ta- 
ble I). One of these, a 29 year old man, died from 
myocardial insufficiency, a few days after opera- 
tion. His hematocrit at the time of death was 39 
percent. Another patient, a 47 year old woman 
with embolism to the right cerebral artery causing 
left hemiplegia, died of pneumonia 18 days after 
aortic and mitral valve replacement. A thrombus 
was discovered in the left atrium at operation. The 
third death was the only one attributed to anemia. 
It occurred in a 52 year old man who had a cardiac 
arrest 3 days after mitral valve replacement. His 
hematocrit was 23 percent at the time of death. 
The average hematocrit 1 week after surgery for 
all 40 patients was 34 percent. 


Discussion 


Since 1962 we have routinely employed hemodi- 
lution techniques with bloodless prime for open 
heart surgery." The bloodless prime technique has 
the practical advantage of conserving the limited 
amounts of blood in banks and hospitals, reducing 
the cost of operation to the patient and making 
open heart surgery more readily available in emer- 
gencies. Complications that may occur as a direct 
result of blood transfusion are well known. 

Homologous blood syndrome: Bloodless prime 
is beneficial to renal function of the patient since 
it creates a profound diuresis after return of 
prime volume, favoring improved renal function 
during the early postoperative period. Obviously, 
renal failure secondary to mismatched blood 
groups or other factors is eliminated by avoiding 
blood transfusion. Many complications of early 
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open heart operations were actually due to using 
large volumes of pooled blood. Gadboys et al.’ re- 
ported a “homologous blood syndrome" associated 
with significant morbidity observed in cases in 
which pooled homologous blood was used for prim- 
ing the extracorporeal system. This was further 
studied by Hegarty and Stahl,® who found that a 
specifie sensitivity reaction at the capillary level 
and increased capillary permeability cause loss of 
fluid and protein into the extracellular space. The 
resultant increase in pulmonary vascular resis- 
tance may lead to reduced pulmonary perfusion 
and systemic circulatory collapse. One of the fac- 
tors in homologous blood syndrome may be trans- 


mission of antigens from previous blood transfu- 


sions. Perkins et al.!? reported the massive hemoly- 
sis of donor red cells occurring because of isoim- 


. munization even though isoantibodies were not de- 
. tected before operation. The antibody subtype 
». must be identified before further blood is adminis- 


tered in such cases. 

In addition to problems in matching and iso- 
immunization, other factors may cause complica- 
tions in patients receiving large volumes of pooled 
homologous blood during open heart surgery. For 
instance, McNamara and co-workers," while car- 
ing for combat casualties, found a significant 
amount of fibrin, red cell aggregates and platelet 
debris in stored blood, but not in fresh whole blood. 
This debris can easily pass the filters of most blood 


transfusion sets and result in pulmonary microem- 


bolism. 

Posi-transfusion hepatitis and clotting abnor- 
malities: The use of a bloodless prime has re- 
duced the incidence of post-transfusion hepatitis, 
currently reported as 6 percent per unit of com- 
mercial bank blood.? At some medical centers 
where large volumes of blood are used to prime 
the bypass units, the incidence of hepatitis has 
been as high as 51 percent." In 1 series of patients 
who underwent open heart operations requiring 
blood transfusion, mortality from serum hepatitis 
alone was 11.2 percent—more than the overall 
mortality for those with acquired heart disease 
reported on herein.'* Blood-borne diseases such as 
malaria and syphilis have also occurred, although 
rarely, as a result of transfusion. 

Recently, fresh heparinized blood has been in- 
criminated in transferring a cytomegalovirus, the 
virus causing cytomegalic inclusion disease which 
has serious and often fatal results in infants and 
children.’ The post-perfusion syndrome charac- 
terized by the delayed onset of fever, lymphocy- 
tosis and splenomegaly is another complication for 
which the use of blood may be responsible.1¢ 

Abnormalities of coagulation may cause hemor- 
rhage and should be avoided especially in the Je- 
hovah's Witness. Patients previously receiving an- 
ticoagulant agents must be carefully prepared with 
vitamin K., Clotting abnormalities are decreased 








when less blood is used for cardiopulmonary by- 
pass. In a study by Cuello et al.!* of the total sero- 
sanguineous output through chest catheters during 
the first 24 hours after operation, patients who re- 
ceived dextrose and water prime had a lower over- 
all amount of chest drainage than those who re- 
ceived blood and dextran prime. 

Bypass time: According to Porter et al.!8 clot- 
ting abnormalities increase with bypass time. Af- 
ter 1 hour of cardiopulmonary bypass the platelet 
count, prothrombin and factor V are considerably 
decreased. Fibrinogen decreases more slowly, and 
fibrinolytic activator activity increases in linear 
fashion with bypass time. Since every possible 
safeguard should be taken to avoid excessive blood 
loss in the Jehovah's Witness, we believe that the 
duration of cardiopulmonary bypass should be 
kept as short as reasonably possible. In 39 of our 
42 cases bypass time was less than 1 hour. This 
shortened bypass time together with exacting 
hemostasis and total correction of the cardiac le- 
sion contributed significantly toward the success- 
ful results obtained in these patients. 

Dextran: We did not use dextran in the prim- 
ing solution because it remains longer in the vascu- 
lar compartment than does 5 percent dextrose and 
water. Low molecular weight dextran has an in- 
travascular half life of about 14 hours and could 
cause prolonged hemodilution and hypervolemia 
when the patient's blood is returned at completion 
of operation. Hypervolemia taxes cardiac function 
and may contribute to failure in patients with a 
compromised myocardium. In addition, low mo- 
lecular weight dextran increases the bleeding time 
and decreases the fibrinogen content, which does 
not return to normal for 24 hours. It may also 
cause allergy and anaphylactic reactions. 

All of our patients were given iron therapy be- 
fore and after surgery to enhance erythropoiesis. 

Epsilon-amino-caproic-acid (EACA) has been 
advocated as a prophylaxis for reducing postopera- 
tive bleeding, and it is effective in inhibiting plas- 
minogen activator substance and, to a lesser de- 
gree, plasmin activity.'? Several patients in this 
series received EACA. 

Vascular surgery: Recently we reported our ex- 
perience with 20 Jehovah’s Witnesses who under- 
went central or peripheral vascular surgery for 
congenital or acquired disease.2° Only 2 of these 
patients died, 1 of whom was 74 years old. In the 
other patient death occurred after a subsequent 
open heart operation. Results in this series com- 
pared favorably with results in other patients, not 
Jehovah’s Witnesses, undergoing similar opera- 
tions, indicating that a good outcome can be ob- 
tained in vascular surgery without using blood 
transfusion. 

Clinical implications: Successful accomplish- 
ment of open heart operations without blood trans- 
fusion is not unusual. From December 3, 1969 to 
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January 30, 1970, 100 consecutive cases of open 
heart surgery in other patients at this institution 
required a total of only 141 units of blood (includ- 
ing blood used during the entire hospital stay of 
each patient). In 35 cases no blood was used; and 
in 31, only 1 unit was administered. The average 
transfusion requirement was less than 2 units of 
blood, even though 2 patients received 10 units 
each. Thus, the Jehovah's Witness patient under- 
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going open heart surgery does not necessarily pre- 
sent a special problem at this institution, since we 
are routinely cautious in administering blood. Ad- 
mittedly, the Jehovah's Witness patient foregoes 
the added safeguard of having blood on standby in 
case it is needed. Generally, however, such a pa- 
tient can face an open heart operation without 
blood transfusion with the assurance of favorable 
results. 
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Eleven patients with the hypoplastic left heart syndrome, defined as 
atresia of the aortic or mitral valve, or both, with normally related 
great arteries and intact ventricular septum, were studied. There were 
2 clinical groups. Group | (8 cases) comprised patients with early 
distress, ashen cyanosis and feeble or absent peripheral pulses in the 
presence of a hyperdynamic precordium and death in the first week 
of life. Group II (3 cases) comprised patients with good peripheral 
pulses, marked cyanosis and survival for more than 1 week. All of 
the patients had characteristic electrocardiographic and radiographic 
findings. In Group I, values for pulmonary oxygen saturation were 
elevated with pressures moderately increased, whereas in Group Il, 
oxygen saturation values were greatly lowered with markedly in- 
creased pressures. All patients had hypoplastic ascending aorta, 
large patent ductus arteriosus and diminutive left ventricle, left 
atrium and foramen ovale. Three of 8 had abnormalities of the coro- 
nary sinus. A positive correlation can be made between the clinical 
appearance and the hemodynamic findings which may allow selec- 
tion for palliative surgical procedures. 


The hypoplastic left heart syndrome as described in this report 
refers to patients having aortic or mitral valvular atresia, or both, 
with normal relation of the great arteries and intact ventricular 
septum. This condition is universally fatal in early infancy, and 
successful palliation or medical management is virtually impos- 
sible at present. This communication presents our experience 
with this unusual defect in order to emphasize the correlation be- 
tween the clinical, pathologic and hemodynamic findings and their 
relevance in respect to palliative surgical attempts. 


Clinical Material 


Eleven patients studied between April 1966 and November 1970 form 
the clinical material. Nine of the patients were seen during life at the 
Medical College of Georgia. The hearts and clinical data of 2 patients, 
a pair of twins seen at another hospital, are included. These 2 infants 
were related to another of our clinic patierts who had the angiographic 
appearance of mitral atresia, transposition of the great arteries with 
pulmonary stenosis and ventricular septal defect. 

In addition to this family, 3 other patients had a family history of 
congenital heart disease. A first cousin of Patient 2 was diagnosed as 
having congenital heart disease, and he died shortly after birth. A 
paternal aunt of Patient 5 died of a congenital heart malformation at 
age 3 days, and a maternal granduncle was diagnosed as having an 
atrial septal defect. A paternal uncle of Patient 8 had an operation for 
coarctation of the aorta and a maternal granduncle died at age 2 years 
with the diagnosis of cyanotic congenital heart disease. 


Figure 1. Frontal chest radio- 
grams: Cases 2 (A), 6 (B), 9 (C) 
and 11 (D). A and B belong to 
clinical group |. Note cardiome- 
galy and increased pulmonary 
vascular markings. C and D are 
from clinical group Il. Arrows (D) 
indicate the reversed ''5" appear- 
ance caused by absence of the 
ascending aorta obvious in 5 
cases. 


Results 

There were 7 patients with aortic valvular 
atresia all of whom had hypoplasia of the mitral 
valve, and 4 patients with combined mitral and 
aortic valvular atresia (Table I). Nine patients 
were male; 6 were Caucasian and 5 were Negro. 
There were no survivors. The age at the time of 
death was 24 hours to 10 weeks. 

Between 4 and 72 hours of age, 10 infants 
showed recognizable illness consisting of respira- 
tory diffieulty with duskiness or cyanosis after a 
variable symptom-free period. According to the 
clinical and hemodynamic findings, there were 2 
groups of patients. Group I (8 cases) comprised 
patients who had a rapidly fulminant course and 
died within the first week of life; in 7 of the 8 in- 
fants death occurred before age 72 hours. The 
most striking physical finding in this group was 
the combination of a hyperdynamic precordium 
with feeble or absent peripheral pulses and a 
dusky cyanosis. A grade 2—3/6 systolic ejection 
murmur was described in 5 cases. Group II (3 
cases) comprised patients who, although symptom- 
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atic, survived beyond age 1 week. All the subjects 
in this group were described as having fair to good 
peripheral pulses, a systolic ejection murmur, 
grade 2-3/6 and a more intense degree of cyano- 
sis. None showed evidence of shock until they 
reached the terminal state, when a state of periph- 
eral vasomotor collapse with the typical dusky dis- 
coloration of the lips and nailbeds was noted. 
Chest roentgenograms (Fig. 1): These were 
obtained in 10 cases. Cardiomegaly was a constant 
finding with a cardiothoracic ratio ranging be- 
tween 0.55 and 0.68. An interesting radiographic 
observation in all patients of group II and in at 
least 2 of those in group I was a peculiar angula- 
tion at the area of junction of the superior vena 
caval and the right atrial shadows in the frontal 
projection. This gave the right cardiac silhouette 
the appearance of a reversed “5” that was more 
prominent when there was marked right atrial en- 
largement. All patients had increased pulmonary 
vascularity, arterial as well as venous, which was 
extreme in infants in acute distress. Pulmonary 
venous engorgement was a prominent and con- 
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white female; 


valve atresia; diminutive LA; 
fenestrated foramen ovale; 


LA; tunneled foramen ovale; 
large ductus arteriosus 


EFE of LV; large ductus 


valve hypoplasia; diminutive 
arteriosus 


Aortic valve atresia; mitral | 
valve hypoplasia; patent 
foramen ovale; EFE of the 
LV; large ductus arteriosus 

Aortic valve atresia; mitral 

Aortic valve atresia; mitral 


increased; enlarged RV; 
predominant right to 


left shunt 
increased; enlarged RV; 


predominant right to 


increased; small LA; 
left shunt 


enlarged RV; 
bidirectional shunt 


RA and RV pressures 
RA and RV pressures 
RA and RV pressures 


increased PVM 
increased PVM 
increased PVM 


Cardiomegaly; 
CT 0.66; 

Cardiomegaly; 
CT 0.60; 

Cardiomegaly; 
CT 0.63; 


rRS in V;-Vsg 
rsR in Vi; 
rS in V;-V; 
rsR in Vi; 
rR in V;- V; 


rsRs in Vi; 
left atrium; LV = left ventricle; NM = negro male; PDA = patent ductus arteriosus; PVM = pulmonary vas- 


RAD; RAH; RVH; 
RAD; RAH; RVH; 
RAD; RAH; RVH; 


Group li. Infants Who Survived Longer Than 1 Week 


systolic murmur 2/6; 
active precordium; 
weak pulses; 


single S; 
systolic murmur 3/6; 


active precordium; 
good pulses; 


single S; 
systolic murmur 2/6; 


Cyanosis; 

Cyanosis; 

Cyanosis; 
active precordium; 
good pulses; 
single S, 


18 days* 


10 wk 
9 days 


wk 
1 day 
1 day 


1 
cardiothoracic ratio; EFE = endocardial fibroelastosis; LA 


* Aspirated. 


CT 
cular markings; RA = rightatrium; RAD = right axis deviation; RAH = right atrial hypertrophy; RV = right ventricle; RVH = right ventricular hypertrophy; WF 


9 WM 
10 WM 
WM = white male 


11 WF 
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HYPOPLASTIC LEFT HEART SYNDROME 


stant finding in all of those who survived longer 
than 1 week. 

Electrocardiograms (Fig. 2): These were taken 
in 8 cases and revealed a QRS axis between +90° 
to +210°. All 8 patients had right ventricular hy- 
pertrophy, and 2 had a pattern of right bundle 
branch block. Right atrial hypertrophy was pres- 
ent in 6. The QRS loops in the frontal as well as 
the horizontal planes were clockwise in all. Q 
waves were consistently absent in the left pre- 
cordial leads, and in no instance could the left ven- 
tricle be identified by pattern although the R wave 
voltage appeared significantly increased (“pseudo 
left ventricular hypertrophy") in 7 cases. 

Cardiac catheterization and cineangiocardiogra- 
phy: These procedures were performed in 6 
cases, 3 patients in group I and all 3 in group II 
(Table II). The cases from group I had elevated 
values for oxygen saturation in the right heart 
chambers and pulmonary to systemic flow ratios 
consistently greater than 1. In all patients, sys- 
tolic pressure in the right ventricle and pulmonary 
artery was less than 75 mm Hg. Patients in group 
II had very low values for right-sided and systemic 
oxygen saturation, a pulmonary to systemic flow 
ratio less than 1, and systolic right ventricular and 
pulmonary arterial pressure greater than 75 mm 
Hg. Pulmonary vascular resistance appeared to be 
significantly increased in all patients of group II. 
The right ventricle and the main pulmonary artery 
were markedly enlarged, and the ductus arteriosus 
had a caliber similar to that of the descending 
‘aorta in all cases. No patient had a significant gra- 
dient between the descending aorta and the main 
pulmonary artery. Retrograde flow from the aortic 
arch to the root of the ascending aorta and coro- 
nary arteries could be demonstrated angiographi- 
cally (Fig. 3). 

Autopsy (Fig. 4): All the hearts had a small 
patent foramen ovale ranging from 1.0 to 5.0 mm 
in diameter. All had enlarged right heart chambers 
and a rudimentary left ventricle. Nine had an ex- 
tremely small left atrium. One of the patients with 
a sizable left atrium survived for 10 weeks. The 
ductus arteriosus was found to be universally 
patent, and in all was of a caliber closely approxi- 
mating that of the descending aorta. In no in- 
stance was there evidence to indicate that the duc- 
tus was undergoing closure. The ascending aorta 
was diminutive and patent in all and gave rise to 
the coronary arteries in a normal fashion. Five 
hearts had a ridge similar to that found in coarcta- 
tion of the aorta at the point where the ascending 
aorta joined the arch. In 3 there was endocardial 
fibroelastosis of the left ventricle. Abnormalities 
of the coronary venous drainage were found in 3 
of the 8 patients whose atria were suitable for this 
examination. The heart in Case 1 showed hypo- 
plasia of the coronary sinus. In Case 3, the coro- 
nary veins drained directly to the right atrium 
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Figure 2. lllustrative electrocardiograms: Cases 9 (A), 

10 (B) and 5 (C). Right ventricular hypertrophy is 

rer pe vss clearly present in all. A left precordial R wave pattern 

AMET diia 4 3 suggesting left ventricular hypertrophy (‘‘pseudo” left 
ventricular hypertrophy) is apparent in Cases 5 (C) and 

9 (A). Q waves are absent in the left precordial leads 
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TABLE Il 
Cardiac Catheterization Findings in 6 Cases 
Group | Group Il 
Case 2 Case 5 Case 8 Case 9 Case 10 Case 11 
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O, Sat. Pressures Os Sat. Pressures bz Sat. Pressures 02 Sat. Pressures Os Sat. Pressures 0, Sat. Pressures 


Position (%) (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) (mmHg) (%) (mmHg) (%) (mm Hg) 
oo p UU Rome in FE no a kk ON Y Fa EIE S otio oo 


VC 46 bs 83 T 39 atts 32 i 30 is 25 m» 
RA 84 a=15;v=15 95 =1/;v=12 79 a=18v=24 58 a=7:v=3 39 a=12;v=8 30 a=6:;v=8 
RV 86 50/4/14 96 48/2/14 89 67 /2-8/23 57 83/0/6 36 80/0/8 30 75/0/6 
MPA 415 M 95 30/18 de ee 52 86/50 38 84/50 33 75/ 
AO Ms CE MN n 52 84/50 38 80/45 33 70/40 
QP:QS 

ratio 4:1 5:1 6:1 1:5 1:6 1:4 
Age 4 days 1 day 1 day 2 months 8 days 5 days 


————————————— Máá— M— —— M € a € 


AO — aorta; MPA — main pulmonary artery; QP — pulmonary blood flow; QS — systemic blood flcw; RA — right atrium; RV — right 
ventricle; Sat. — saturation; VC — vena cava. 





without any evidence of a coronary sinus. In Case 
5 there was a vestigial coronary sinus with atresia 
of the orifice and no apparent outlet to either 
atrium. 


Discussion 


Isolated cases of hypoplastic left heart syn- 
drome were initially described by a variety of ter- 
minologies.'* However, in 1952 Lev? described a 
group of patients with anatomic changes consis- 
tent with underdevelopment of the left-sided 
chambers and termed this spectrum of malforma- 
tions hypoplasia of the aortic tract complexes. 
Noonan and Nadas® later classified cases with 
aortic arch atresia or hypoplasia. Recently, Sinha 
et al." proposed the term hypoplastic left ventricle 
syndrome, indicating that the basic abnormality is 
in the left ventricle. Confusion still exists because 
of the lack of uniform nomenclature and classifica- 
tion of the abnormality. In the present report, we 
have included only atresia of the aortic or mitral 
valves with intact ventricular septum and nor- 
mally positioned great vessels. 

Although an uncommon defect, hypoplastic left 
heart syndrome nonetheless is a highly significant 
cause of cardiac neonatal death, exceeding trans- 
position of the great vessels in the series reported 
by Lambert et al.* and ranking with transposition 
as a cause of cyanosis and congestive heart fail- 
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Figure 3. Case 11. Single frame from retrograde cineaorta- 
gram in left anterior oblique projection. Injection in descend- 
ing aorta with catheter through the. ductus arteriosus. Note 
retrograde opacification of the diminutive ascending aorta 
and coronary arteries. 





Figure 4. Case 6. Specimens of heart. Marker is 1 cm in all illustrations. A, View from posterior with left atrium (LA) and 
left ventricle exposed. The diminutive body of the left atrium approximates its appendage (app) in size. Arrows indicate the tiny 
left ventricle. B, Anterior exposure showing the greatly enlarged right atrium (RA) and opened right ventricle. The pulmonary 
artery (PA) is not opened. Arrow indicates the diminutive ascending aorta as it courses to communicate with the descending 
aorta (DAO). C, Same exposure as (B) but with main pulmonary artery (MPA) opened. Note absence of change of caliber between 
the main pulmonary artery, ductus arteriosus (DA) and descending aorta (DAO). 





h ure in the first weeks of life.?-3 This communica- 


tion was not intended to include speculation on the 
origin of the condition, but the presence of a posi- 
tive family history in 5 of the 11 cases, as well as 
the occurrence in a set of twins who may have been 
identical, is noteworthy. The characteristics of 
gross chromosomal abnormalities were not appar- 
ent in any cases, and chromosomal studies were 
not performed on these patients. As with the pres- 
ent series, the infant with hypoplastic left heart 
syndrome is usually male especially when there is 
aortic valvular atresia, and this predominance is 
usually greater than 2 : 1.67.14-18 


. Clinica! Features 


The onset of symptoms is most closely related 


temporally to the predictable reduction in pulmo- 
= nary vascular resistance. Thus, at birth and as 


long as pulmonary vascular resistance is increased, 
the right ventricle is essentially a "systemic" ven- 


tricle, and perfusion of the systemic bed is ade- 
: quate. As pulmonary vascular resistance declines 
in the early postnatal period, the right ventricle 


becomes principally a “pulmonary” ventricle; 
there is a decrease in the blood flow through the 


.. ductus arteriosus; and systemic flow falls precipi- 


ae Sr aah eke 


tously, giving a shock-like appearance. Thus, a 


. great amount of blood is “sequestered” in the pul- 
 monary circulation and unavailable to the systemic 


circulation. The infant becomes pale and pulseless 


- with radiographic evidence of pulmonary venous 


engorgement. 
The patients that constitute clinical group II 


. were capable of maintaining an increased pulmo- 
. nary vascular resistance and, hence, an adequate 


systemic blood flow for longer periods of time; 
they were able to survive as long as they could 
maintain a circulatory pattern approximating that 


geen during fetal life. We emphasize that in no in- 


stance was ductal closure clinically or hemody- 


. namically apparent and, as mentioned, all ductus 
= were widely patent at autopsy. Thus, the collaps- 


ing, shock-like state appears to be entirely due to 
the changes in pulmonary vascular resistance and 


; not to interruption of systemic flow due to ductus 
. closure. 


As indicated by the cineangiocardiograms, coro- 
nary perfusion is probably poor, even when aortic 


— perfusion is sufficient, due to the extreme under- 
development of the ascending aorta; a state of 
. myocardial hypoxia probably exists throughout 
_ life, thus further contributing to the terminal 
i shock-like state. Other factors that play a definite 
. role are hypoxia and acidosis, overload of the right 
ventricle and the relative obstruction to pulmo- 


nary venous return imposed by the abnormally di- 
minutive left atrium.!*?? Recent reports?!'-? indi- 
cate that patients with hypoplastic left heart syn- 
drome live in a state of generalized systemic un- 


derperfusion that becomes evident by pathologic 
changes in the liver, pancreas, adrenal glands and 
central nervous system. 

The typical radiographic findings reflect the al- 
tered physiologic features in most patients by re- 
vealing cardiomegaly, increased pulmonary vascu- 
lar markings, and evidence of pulmonary venous 
eongestion. The radiographic finding of a reversed 
*5" in respect to the right cardiac border appears 
to be due to the absence of the shadow of the as- 
cending aorta. This finding was less evident in the 
patients of group I, probably because there was 
superimposition of the thymic shadow since the 
chest X-ray films were taken in the first 48 hours 
of life. 

The most striking electrocardiographic finding 
in all cases was the absence of Q waves in the left 
precordial leads, indicating that the precordial 
QRS complexes reflect only massive enlargement 
of the right ventricle. None of the 23 patients with 
electrocardiograms described by Sinha et al." had 
left precordial Q waves. Right axis deviation is al- 
most always present but may not exceed that 
found in the normal newborn. Right atrial hyper- 
trophy may be prominent. 

Correlation with hemodynamic findings:  AI- 
though we believe that the diagnosis can be estab- 
lished accurately in most of the cases by the clini- 
cal criteria cited, cardiac catheterization and an- 
giocardiography may be required for absolute 
diagnosis since other cardiac anomalies in termi- 
nal stages, some amenable to later surgical correc- 
tion, may present clinical findings that are similar 
in some respects. Cardiac catheterization may be 
further useful for prognostic considerations. Find- 
ings of low levels of oxygen saturation, pulmonary 
to systemic flow ratio less than 1 (indicating a 
high level of pulmonary vascular resistance) and 
increased pulmonary arterial and, hence, aortic 
pressures were obtained in patients surviving for 
more than 7 days. These findings contrasted with 
those of infants who lived less than 7 days, indi- 
cating that a positive correlation can be made be- 
tween the clinical and hemodynamic findings. This 
may allow selection for palliative surgical proce- 
dures. 


Surgical Treatment 


To date, all measures have failed in the treat- 
ment of patients with hypoplastic left heart syn- 
drome, with death usually occurring in early life. 
Medical management is rarely if ever adequate, 
and the surgical results are presently dismal. The 
main difficulty is that these infants have an abnor- 
mality that is incapable of maintaining an ade- 
quate systemic circulation. To accomplish systemic 
perfusion, banding of the right and left pulmonary 
arteries has been suggested, thus elevating the 
level of main pulmonary arterial pressure and as- 
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suring continuance of the right to left shunt by 
way of the ductus arteriosus.?* 

Creation of atrial septal defect: Some authors 
believe that a longer survival time is associated 
with a large atrial septal defect,?^*?^ although 
others‘ found small atrial septal defects associated 
with prolonged survival time as was seen in 2 of 
our longer survivors. It has been reasoned that the 
creation of an atrial septal defect may benefit pa- 
tients with hypoplastic left heart syndrome by in- 
creasing the availability of oxygenated blood to 
the systemic circulation, and the procedure has 
been advised in cases where a definite gradient ex- 
ists between the left and the right atrium.'*® How- 
ever, surgical creation of an atrial septal defect is 
diffieult because the left atrium and interatrial 
septum are usually diminutive." In addition, it 
might be hypothesized that the atrial septal defect 
might act to diminish the pulmonary venous pres- 
sure and further reduce pulmonary vascular re- 
sistance, consequently decreasing the necessary 
right to left shunt at the ductal level. We consider 
that the creation of a surgical atrial septal defect 
combined with banding of the pulmonary arteries 
distal to the ductus arteriosus appears to offer the 
best chance for survival. 

Creation of an atrial septal defect with the 
Rashkind procedure? appears rarely feasible since 
the left atrium is usually prohibitively small and 
the inflation of the balloon alone might result in 
rupture of the atrium, or the maneuver involved 
in traversing the tiny foramen ovale with the bal- 
loon might result in detachment of the left atrium 
from the left pulmonary veins. Before this proce- 
dure is performed, it would appear advisable to de- 
termine left atrial size angiographically. 

The creation of an ascending aorta to right pul- 
monary artery shunt concomitantly with the band- 
ing of right and left pulmonary arteries has been 
recently reported in a patient with aortic stenosis 
and ductus arteriosus.2? Our data suggest that the 
creation of such a shunt in infants with hypoplas- 
tic left heart syndrome would be not only unneces- 
sary but of no real benefit since spontaneous clo- 
sure of the ductus arteriosus appears unlikely. 
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Conclusions 


1. Hypoplastic left heart syndrome is described 
as an entity invariably associated with aortic or 
mitral valvular atresia, or both, with normally re- 
lated great vessels and intact ventricular septum. 

2. There are 2 clinical groups of patients. The 
diagnosis in group I can be established in an infant 
with cardiorespiratory distress combined with fee- 
ble or absent pulses in the presence of a hyperac- 
tive precordium. The diagnosis in patients of 
group II is more difficult because they have fair to 
good peripheral pulses and may be older when first 
seen, often making hemodynamic study necessary. 

3. Electrocardiographic findings of right axis 
deviation, right ventricular hypertrophy and the 
uniform absence of Q waves in the left precordial 
leads are important criteria for the clinical diag- 
nosis in both groups. 

4. Radiographic evidence of cardiomegaly and 
increased pulmonary vascular markings are con- 
stant findings. The absence of the ascending aorta 
in the right cardiovascular silhouette may be help- 
ful in the radiographic diagnosis. 

5. The hemodynamic findings indicate that the 
onset of symptoms and death are most closely re- 
lated to the imbalance of systemic and pulmonary 
vascular resistances. 

6. The prognosis is virtually hopeless at pres- 
ent, and palliation may be accomplished by surgi- 
cal creation of an atrial septal defect concomitant 
with pulmonary arterial banding distal to the 


patent ductus arteriosus. 


7. The patients in group I do not appear to be 
good candidates for surgical palliation because of 
the rapid development of a moribund state shortly 
after birth. In contrast, the patients in group II 
are not as ill at the time of presentation and are 
better candidates for surgical palliation if the di- 
agnosis is made promptly. 
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A considerable net myocardial potassium loss was demonstrated in 
the dog during rapid ventricular tachycardias. This net potassium loss 
was associated with some serious arrhythmias which invariably in- 
duced resistant ventricular fibrillation. The myocardial potassium 
loss was associated with an increased myocardial oxygen consump- 
tion and lactic acid production. These studies suggest that restoration 
of the myocardial potassium balance may provide a more proper ra- 
tionale for the treatment of cardiac arrhythmias. 


It has been recognized that potassium plays a vital role in cardiac 
function since Blake! in 1839 demonstrated that he could kill ani- 
mals within seconds after the injection of potassium carbonate, 
and Ringer? 44 years later noted that a potassium infusion could 
cause failure of the heartbeat. Langendorff? recognized that po- 
tassium could cause cardiac inhibition in diastole in 1895, but it 
was not until 1956 that this principle was applied by Effler et al.* 
to arrest the heart during cardiac surgery.* Net potassium loss 
from the myocardium was first reported by Harris et al.° in 1954 
when they sampled the coronary sinus blood following coronary 
artery occlusion, and this was confirmed by other investiga- 
tors.*! These workers believed that the large potassium efflux 
from the ischemic area was the cause of the supervening ventricu- 
lar fibrillation. However, the recent studies of Wexler and Patt” 
indicate that the relationship of intracellular potassium balance 
and arrhythmias might be a more complicated matter, for ven- 
tricular fibrillation did not develop in those animals with the 
greatest potassium efflux. Because of these contradictions and the 
reports of other investigators,» 5-! who intimate that the arrhyth- 
mias do not cause myocardial potassium efflux, we devised a series 
of experiments to establish the possible relationship of arrhyth- 
mias and myocardial potassium balance. 


Methods and Procedures 


Eighteen mongrel dogs of both sexes, weighing from 22 to 25 kg, 
were anesthetized after an overnight fast with morphine sulfate, 2 
mg/kg body weight intramuscularly, followed 30 minutes later by intra- 
venous administration of sodium pentobarbital, 15 mg/kg. Aortic pres- 
sure was measured with a catheter inserted into the aorta before open- 
ing the chest, While the dogs were maintained by a Harvard artificial 
respirator on positive pressure ventilation, thoracotomy was performed 
for installation of test instruments and for application of tincture of 
aconite to the myocardium. A four side-hole coronary catheter (U. S. 
Catheter and Instrument Corp., Glen Falls, N. Y.) was introduced 2 cm 
into the coronary sinus by way of the right jugular vein, and another 
into the aorta for sampling of blood. A modified short Lehman ven- 
triculography 6F catheter with tapered tip shortened to 1.5 cm was 
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Figure 1. Plasma potassium level in the aorta and coronary 


— sinus remains constant during an 11 minute control period 


with sinus rhythm. A period of only 3 minutes of ventricular 
tachycardia results in a myocardial potassium egress of more 
than 2 mEg/liter (from 3.45 to 5.9). 
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DURING VENTRICULAR TACHYCARDIA 


VENT. 
CONTROL TACHY 
35 
—AORTA dj 
BSEC OUOGNE uus 7 
t 
2 i 
LACTATE ee 949-9- 
mg% 50 i 
Eo] 
I5 © Vent. 
ires. Fib. 
ct : 
3.80 T 
meq 
VL „AORTA ed 
hs 
‘ide --COR. SINUS 





Figure 2. Graph illustrates myocardial potassium egress as- 
sociated with negative lactate balance during a paroxysm of 
ventricular tachycardia. Levels of aortic and coronary sinus 
lactate (top) and potassium (bottom) are constant during 
sinus rhythm control period, but during ventricular tachy- 
cardia there is a net loss of myocardial potassium associated 
with production of lactate. 


inserted through the left atrium for measurement of 
left ventrieular pressure. A standard lead II electrocar- 
diogram was monitored throughout the experiments. 
Blood and fluid loss was replaced during surgery by 
fresh donor dog's blood or norma! saline solution ad- 
ministered at a rate of 2 to 5 cc/min, No blood was ad- 
ministered during the remaining procedures. 

Measurement of plasma potassium and sodium was 
performed on an IL-143 flame photometer. The accu- 
racy of this model is less than +0.5 mEq/liter for 
serum sodium and +0.05 mEq/liter for potassium. 
Samples with any significant hemolysis were discarded. 
Blood hematocrit was determined from a calibrated mi- 
crohematocrit tube with an Adams Readacrit centri- 
fuge (Clay-Adams, Inc., New York). Blood pH, pO. and 
pCO, were measured on a Beckman physiologie gas 
analyzer, model 160, at 37C. 

Oxygen saturation was determined by using a nomo- 
gram!? with the measured pO», pH and temperature. 
Oxygen content was computed from the oxygen satura- 
tion and oxygen carrying capacity of hemoglobin. Lac- 
tate concentration was measured by means of the Hans- 
Jurgens-Hohorst technique! and was expressed as 
mg/100 ml plasma, An index was used to define the 
myocardial oxygen and lactate extraction. This index 
involves the ratio of the arteriovenous difference to the 
arterial concentration of these metabolites, and is ex- 
pressed in percent, 

After establishing a “steady state," in which pO,, 
pCO. and pH remained within a normal stable range, 


CORONARY SINUS POTASSIUM 


VENTRICULAR 
mEq/L CONTROL TACHYCARDIA 
est l 


6.00 


5.00 


4.00 


3.00 


2.00 





Levels of coronary sinus potassium obtained from 
each of 18 dogs, during an 11 minute control period and 
then during ventricular tachycardia. Potassium values remain 
approximately constant during sinus rhythm and then in- 
crease markedly during the tachycardia in all animals. | 


Figure 3. 


rw Bo €—...——— 8 L.l Mes AAU 


x s 


periodic simultaneous paired sampling of aortic and 
coronary sinus blood ions was performed at 2-minute 
intervals for 11 minutes (Fig. 1). Tincture of aconite 
was then applied to the right epicardial surface of the 
right ventricle to produce ventricular tachycardia. Ven- 
tricular tachycardia usually occurred 2 to 10 minutes 
after the application of aconite. Plasma potassium and 
sodium were examined at 1, 2, 3, 5, 7, 9, 11 and 13 min- 
utes after the onset of ventricular tachycardia and af- 
ter the onset of ventricular fibrillation. Blood hemato- 
crit, pO», pCO. and pH were also monitored. All data 
were statistically analyzed by Student's ¢ test, and 
standard variation was expressed as 1 standard error 
of mean on each side. 

In another series of 6 animals, electromagnetic flow 
probes were placed around the left anterior descending 
coronary artery and ascending aorta to measure flow. 
Simultaneous measurements of aortic and coronary 
sinus potassium and lactate were also performed in 
this group (Fig. 2). Data were collected during the 
stable control period and during the paroxysm of ven- 
tricular tachycardia. Student's paired ¢ test was used 
for statistical analysis for this group. 


Results 


The concentrations of coronary sinus plasma po- 
tassium in 18 dogs are plotted in Figure 3. During 
the control period of 11 minutes all dogs exhibited 
relatively stable potassium levels in the coronary 
sinus, but 1 dog had an increase from 3.60 mEq/ 
liters in the first minute to 4.1 after 11 minutes. 
This animal exhibited a further abrupt increase in 
coronary sinus potassium to 5.9 mEq/liters after 
the onset of ventricular tachycardia. 

During ventricular tachycardia, 2 dogs showed 
an initial decrease in coronary sinus potassium at 
the start of ventricular tachycardia and then, as 


TABLE |! 
Myocardial Potassium Egress During Tachycardia 
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ventricular tachycardia persisted, a gradual in- 
crease. The remaining 16 dogs exhibited a steep 
initial increase in coronary sinus potassium as soon 
as ventricular tachycardia supervened. In 1 dog 
ventricular tachycardia lasted for only 1 minute; 
ventricular fibrillation followed, and the animal 
died. The coronary sinus plasma potassium rose 
from a low level of 2.40 to 3.50 mEgq/liters (Fig. 
3). In 7 dogs ventriċular fibrillation developed 
after 2 minutes of ventricular tachycardia, in 3 
dogs after 3 minutes, in 2 after 5 minutes, and in 
1 after 7 minutes. In the 7 remaining dogs, ven- 
tricular tachycardia lasted for 9 minutes in 4 dogs, 
for 11 minutes in 2 and for 13 minutes in 1. Be- 
cause of the small number of dogs that survived 
after 9 minutes of ventricular tachycardia, data 
after the 9 minute period are not included. 

The overall average coronary sinus potassium 
levels and aortic-coronary sinus potassium differ- 
ences are listed in Table I and shown graphically 
in Figures 4 and 5. 

The average plasma sodium level was 150.35 
(aortic) and 150.46 mEq/liter (coronary sinus) in 
the control state and 150.06 (aortic) and 149.67 
mEq/liter (coronary sinus) during ventricular 
tachycardia. This represents an arteriovenous dif- 
ference of 0.29 + 0.38 and 0.79 + 0.61, respec- 
tively (P >0.35). 

In 10 dogs the aortic potassium level remained 
constant after the induction of tachycardia. The 
other 8 animals exhibited a rise in the level of 
aortic potassium from an initial value of 3.68 
mEq/liter to 3.86 at 1 minute, 3.78 at 3 minutes, 
4.03 at 5 minutes, 3.83 at 7 minutes and 4.00 at 9 
minutes. This rise in potassium level was found to 
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Time of Sampling (min) 


i A M nM 


l 2 3 5 7 9 11 
S E E EEE E E O 
CS K+ 
(mEq/liter) 
Control 3.32 + 0.13* p 3.14 + 0.16 3.23 + 0.12 3.22 + 0.17 3.222- 0.19 3.324 0.14 
VT 4.03 + 0.19 4.31 + 0.25 4.20 + 0.32 4.41 + 0.53 4.34 + 0.25 4.48 + 0.27 
(18) (17) (10) (7) (5). (4) 
P value «0.01 «0.0051 «0.01 «0. 05 «0.005 «0.005 
Ao-CS K* 
difference 
(mEq /liter) 
Control 0.09+ 0.03 Be 0.09+ 0.03 0.11 + 0.03 0.06 + 0.03 0.08 + 0.03 0.09 + 0.04 
VT —0.432- 0.11  —0.69t-2- 0.2 —0.49+ 0.29 —0.47 + 0.27 —0.35+ 0.08 —0.48+ 0.24 
(18) (17) (10) (7) (5) (4) 
P value <0.001 «0.0051 20.05 «0.05 «0.01 «0.05 
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* Standard error of mean. 

+ Relative to 1 minute control. 

Figures in parentheses indicate number of dogs. 

Ao — aorta; CS — coronary sinus; VT — ventricular tachycardia. 
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Figure 4, The average coronary sinus plasma potassium re- 
mains approximately constant during an 11 minute sinus 
rhythm control period in 18 dogs, and then rises markedly 
during ventricular tachycardia. 
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Figure 6. Average hemodynamic and metabolic values are 
analyzed from 6 dogs during control sinus rhythm and ven- 
tricular tachycardia. The net potassium loss from the myo- 
cardium during ventricular tachycardia is accompanied by 
production of myocardial lactate, reduced aortic flow and 
aortic pressure; flow in the left anterior descending coronary 
artery decreases slightly. 
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Figure 5.  Aortic-coronary sinus potassium difference re- 
mains constant during an 11 minute period, but during ven- 
tricular tachycardia net myocardial pctassium loss reverses 
this difference. 


be statistically nonsignificant relative to the initial 
value. 

In 6 animals flow measurements of the aorta 
and left anterior descending coronary artery were 
measured simultaneously with the heart rate, aor- 
tic pressure and aortic and coronary sinus potas- 
sium and lactate levels (Fig. 6). The overall aver- 
ages are listed in Table II. 


Discussion 


Although the episodes of ventricular tachycar- 
dia in this study were of short duration, they were 
always associated with a significant increase in the 
coronary sinus potassium levels. This myocardial 
potassium efflux started within 1 minute after on- 
set of the arrhythmia and increased progressively 
in all animals. The largest increases were from a 
control level of 3.5 to 7.4 and from 2.6 to 6.5 mEq/ 
liter. Potassium efflux from the myocardium of 
this magnitude would tend to perpetuate the ar- 
rhythmia, making it resistant to therapy, and 
could lead to fatal ventricular fibrillation. The ab- 
solute volume of potassium lost was not calculated 
because the total coronary sinus flow was not mea- 
sured. During ventricular tachycardia (Table II) 
blood flow in the left anterior descending coronary 
artery decreased only 19 percent, but myocardial 
oxygen demands were greater than usual. This 
could explain the simultaneous reduction in lactate 
extraction or myocardial lactate production. The 
percent oxygen extraction was increased during 
ventricular tachycardia when arterial oxygen sat- 
uration remained constant. 

After the induction of ventricular tachycardia, 
the arterial potassium concentration increased in 
8 of the 18 animals ; the average increase was from 
0.1 to 0.35 mEq/liter, which is not statistically sig- 


nificant. This increase probably represents a leak- 
age of potassium from tissues throughout the body 
rendered ischemic by the arrhythmia.'? The ar- 
terial-coronary sinus potassium difference would 
have been larger but for this rise in the arterial 
potassium level. 

During the control period of 11 minutes of sinus 
rhythm, the difference of the arterial minus coro- 
nary sinus potassium remained stable; it averaged 
0.1 mEq/liter in the 18 dogs. Tachycardia caused 
the coronary sinus potassium to increase over the 
arterial level by an average of 0.5 mEq/liter for a 
9 minute period. 

We believe that this is the first study to demon- 
strate a large potassium loss from the myocardium 
during rapid ventricular tachycardia in the intact 
heart with normal coronary circulation and inner- 
vation. Because it has been suggested that aconite 
selectively depresses cell membrane permeability 
to sodium influx,!5 we applied tincture of aconite to 
the right ventricular surface, close to the right 
atrium, so that the blood draining that area would 
not contaminate the coronary sinus blood, which 
drains about 90 percent of the venous flow from 
the left ventricle.'* Thus, our results reflect blood 
draining only from the left ventricle, not from the 
region intoxicated by aconite. 


Active lonic Transport Mechanisms 


The demonstration of ionic flux of the cations 
calcium-sodium-potassium across the myocardial 
cell membrane has shed considerable light on the 
cause of cardiac arrhythmias and their treat- 
ment.!*!? Tt is believed that the current required 
for depolarization of the heart muscle cell is car- 
ried by positively charged sodium ions. Upon ex- 
citation, the permeability of the cell membrane 
suddenly changes to allow rapid influx of sodium 
ions across the sarcolemma and the transverse 
tubular system. In the interval immediately fol- 
lowing this sudden depolarization, sodium influx 
slows and potassium efflux subsequently super- 
venes. Depolarization of the cell also triggers the 
release of ionic calcium and causes it to enter the 
cell following the sodium influx.!*-? As calcium in- 
flux ceases, potassium efflux increases to rapidly 
repolarize the cell and allow relaxation. During the 
period of repolarization, the sodium-calcium pump 
mechanisms become activated by high energy ex- 
change systems which cause a net loss of sodium 
and a net gain of potassium. At the same time, cal- 
cium has to be stored in the cytoplasmic reticu- 
lum, and this is an energy-requiring process. 

When potassium is lost from the cell in excessive 
quantities, the resting potential of the cell de- 
creases toward positivity and reaches a point 
closer to the threshold for firing. Potassium loss 
also causes the action potential to shorten, so that 
the absolute refractory period is reduced, and the 
nonrefractory period during which the heart 
muscle cell can be excited is prolonged, so that a 
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TABLE Il 


Hemodynamics and Metabolism During Tachycardia 


Ventricular 
Control Tachycardia 
(mean + SEM) (mean SEM) P Value 

Heart rate/min 164 + 3.8 238+ 18.0 «0.025 
Aortic pressure (mean) 86 + 11.5 514-9;8 — €D;01 

(mm Hg) 
Aortic flow (ml/min) 1,241 + 159.1 646+ 95.5 <0.05 
LAD coronary flow 19.5 + 3.2 16.94 5.1 >0.2 

(ml/min) 
K* (Ao-Cs)(mEq/liter) 0.07 + 0.03 —0.62- 0.23 «0.05 
Lactates (Ao-Cs) 5.5 + 1.00 0.332-1.05 «0.02 

(mg/100 ml) 
Lactates extraction (905) 33.3-2- 1.7  —3.3+ 6.9 «0.02 
Na+ (Ao-Cs) (mEq/liter) 0.29+0.38 0.79-- 0.61 >0.35 
O; saturation (96) 

Ao 95.2 + 0.4 92.8: 2.2 0.2 

Cs 27 + 4 12.5 + 3.8 — «0.025 
O, extraction (%) 69 4- 3.7 87-2-4.4 «0.005 
pH 

Ao 7.38 + 0.022 7.39 2- 0.065 20.1 

Cs 7.34+ 0.025 7.26+0.065 20.1 


Ao = aortic; CS = coronary sinus; LAD = left anterior de- 
scending coronary artery. 


small stimulus has greater opportunity to set up an 
arrhythmia. The shorter the distance between the 
resting potential and the depolarization threshold, 
the more irritable the cell. If tachycardia super- 
venes, we believe that it will cause a further po- 
tassium egress, reducing the resting potential 
nearer the threshold level so that it requires only 
a small electrical excitation to cause depolariza- 
tion; in addition, the duration of the action poten- 
tial will continue to decrease. With still greater po- 
tassium loss, the spike of the action potential be- 
comes slowed and of low amplitude. Thus, the exci- 
tation process cannot become elicited, the cell be- 
comes inexcitable, and cardiac standstill ensues; 
these events can give rise to ventricular fibrilla- 
tion. 

Potassium is important for the normal repolar- 
ization of the cell and to extend duration of the 
action potential. A loss of this cation of the kind 
that occurs after coronary occlusion would set the 
stagé for the induction of an arrhythmia, thus 
causing a further loss of potassium and tending to 
perpetuate a more serious arrhythmia. Conversely, 
it appears that to correct a cardiac arrhythmia po- 
tassium must be actively returned across the 
cell membrane so that normal activation process 
and action potentials can be resumed. 


Reasons for Myocardial Potassium Loss 


Because potassium plays such a vital role in the 
genesis of arrhythmias, it is necessary to consider 
the causes of potassium loss from the myocardium. 

1. Acute cardiac ischemia: Harris et al. first 
demonstrated that coronary ligation could pro- 
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duce a net loss of potassium from the heart mus- 
cle. Beeause this was accompanied by arrhythmias, 
they suggested that potassium released from the 
ischemic myocardium might act as an excitatory 
factor at the boundary of the infarction to estab- 
lish an ectopic focus leading to ventricular tachy- 
cardia and fibrillation. However, their figures dis- 
played blood samples taken only at 1 time, that is 
7 minutes after coronary occlusion while ventricu- 
lar tachycardia existed.» Our studies might explain 
why Harris et al. noted a rise in potassium concen- 
tration in venous blood drained from the intact 
myocardium about half as great as that of the vein 


draining the area of the ischemic myocardium. We 


believe that ventricular tachycardia in itself ac- 
centuated the potassium loss. Our results suggest 
the net potassium loss was due to increased oxygen 
demands of the myocardium without a step-up of 


. eoronary flow. 


Neither Regan et al? nor Cherbakoff et al.5 
noted that ventricular tachyarrhythmias aggra- 
vated a further myocardial potassium efflux fol- 
lowing coronary occlusion. However, when we re- 
viewed their tracings we noted that a secondary 
potassium loss in the myocardium often occurred 


. after the onset of the arrhythmia. 


Thomas et al.?! recently demonstrated that after 
ligation of a coronary artery there was a marked 
increase in potassium concentration in the local 


_ vein draining the area of ischemia which persisted 
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for up to 40 minutes ; ectopic arrhythmias and ven- 
tricular tachycardias supervened after 20 minutes. 
Although as much as 20 percent of the myocar- 
dium was involved in the ligation, the coronary 


sinus did not reflect an increase in potassiura con- 


tent. This suggests that the coronary sinus may 
not always reveal serious potassium egress from 
localized areas of myocardium. 

2. Glycosides: Glycosides can cause a serious 
intracellular myocardial potassium loss. This was 
first demonstrated by Calhoun and Harrison? in 
1931 and confirmed by subsequent investiga- 
tors.®?-28 Several theories have been offered to ex- 
plain this potassium egress.2*°2 Keynes and 
Lewis?? suggested that digitalis attaches itself to a 
specific site on the external surface of the cell 
membrane that gives it the ability to inhibit the ac- 
tion of sodium-potassium activated adenosine tri- 
phosphatase. Sarnoff et al.*'32 believed that the 
acutely induced loss of potassium resulting from 
the administration of acetylstrophanthidin is re- 
lated to increased myocardial contractility. 

3. Catecholamines plus ischemia: Sarnoff, Ger- 
lings and co-workers?'9? demonstrated that when 


. norepinephrine was administered to the heart-lung 


preparation, the coronary sinus potassium dimin- 
ished, which they regarded as norepinephrine 
causing an influx of potassium into the heart mus- 


` elecell.?! However, when they first constricted cor- 


onary flow and then administered norepinephrine, 





coronary sinus potassium increased. Their studies 
suggest that when norepinephrine is administered 
in the ischemic state it causes a loss of potassium 
from the heart muscle cell.** 

4. Increased preload and afterload: In isolated 
supported heart preparations, when contractility 
increased there was noted a net loss of potas- 
sium from the: heart and when contractility de- 
creased, a net gain of potassium.*!*4 The net loss 
of potassium appeared to vary with the observed 
increase in oxygen consumption. These investi- 
gators believed a causal link existed between in- 
creased oxygen utilization and the net loss of po- 
tassium. 

9. Acidemia: It has been suggested that an 
overall shift of potassium from the intracellular to 
the extracellular space, which causes a progressive 
rise in plasma potassium level, occurs during acute 
metabolic acidosis and hypercapnia.*® This might 
be a primary factor in the causation of cardiac ar- 
rhythmias and arrest during and after sur- 
gery.?998 During the immediate posthypercapnic 
recovery period, an additional sharp increase in 
the coronary sinus plasma potassium level accom- 
panied by serious electrocardiographic and ar- 
rhythmic disturbances sometimes terminates in 
ventricular fibrillation or arrest.??-*! 

6. Electrical shock: Childers and Regan and 
co-workers??? demonstrated an increased coro- 
nary sinus potassium concentration immediately 
after transthoracic electrical discharge, and this 
net loss continued for up to 10 minutes. They also 
demonstrated a potassium egress when strophan- 
thidin was administered intravenously in nontoxic 
doses and subsequent electrical countershock 
caused still greater loss of potassium extending 
over a longer period. Cardiac arrhythmias often 
supervened and persisted for about 7 minutes. It 
would appear to us upon reviewing their tracings 
that the arrhythmias might have caused a further 
inerease in the coronary sinus potassium levels. 
We believe that the arrhythmias that follow coun- 
tershock are primarily due to potassium egress 
which disturbs normal resting and action poten- 
tials. We often noted that electrical countershock 
in nondigitalized dogs increased the arterial as 
well as the coronary sinus potassium concentra- 
tion.** We believe that the reason for the increased 
arterial potassium is that electrical shock causes a 
release of potassium from the muscles of the chest 
wall as well as those of the myocardium itself. 

7. Arrhythmias: We have demonstrated that 
tachycardias caused a significant potassium egress 
from the intact heart in all 18 experiments and 
that this event terminated in ventricular fibrilla- 
tion (Fig. 3). Recent studies by Ebert et al.*» dem- 
onstrated that the potassium content of the atrial 
muscle was much less in patients with chronic 
atrial fibrillation than in those with regular sinus 
rhythm. Parker et al.** recently reported that car- 





diac pacing at rapid rates was associated with a 
net myocardial potassium loss and those potassium 
losses were immediately balanced by myocardial 
potassium uptake after pacing. Myocardial potas- 
sium loss was significantly greater in the group of 
patients with coronary artery disease and was 
closely associated with myocardial lactate produc- 
tion and reduction in coronary sinus blood pH.*9 
We have also noted a myocardial potassium egress 
during aconite-induced ventricular tachycardia 
which was associated with excessive production of 
myocardial lactate and a reduction of pH in coro- 
nary sinus blood (Table II). 


Causes of Potassium Egress During Tachycardia 


Several theories have been proposed to account 
for the potassium efflux when the cardiac rate is 
increased. 

1. Increased contractile state: Gilmore and co- 
workers*!34,47 noted when contractility increased, 
there was a net loss of potassium from the heart 
and when contractility decreased there was a net 
gain of potassium. The amount of the net loss of 
potassium appeared to vary with the observed in- 
crease in oxygen consumption. An abrupt increase 
in heart rate also increases the total period of con- 
traction and, thus, the requirements of the contrac- 
tile elements for energy utilization. They postu- 
lated that a causal link between the observed net 
loss of potassium and the increased contractile 
state as well as oxygen utilization is based on an 
increased metabolic activity. Clancy*® and Brown 
and Goott^? demonstrated that an increase in myo- 
cardial metabolic activity, which is accompanied 
by increased production of carbon dioxide and hy- 
drogen ion concentration, will cause an increase in 
the ratio of H;+/H,.+ (where H;- is the intracellu- 
lar hydrogen ion concentration and H.+ is the ex- 
tracellular hydrogen ion concentration) and thus 
promote a net loss of potassium from the cell. 

2. Less time for potassium reentry: Hadju? 
demonstrated that since a net loss of myocardial 
potassium occurs as a result of the increase in the 
number of repolarizations, the decrease in inter- 
stimulus interval does not permit enough time for 
potassium reentry. The increased repolarizations 
cause an increase in myocardial energy require- 
ments which is reflected by a transient diminution 
in the rate of ion transport at the membrane level. 
This reduces the inward passage of potassium 
through the membrane and accounts for a net myo- 
cardial potassium loss. 

3. Shortened interstimulus interval: Gilmore 
and Gerlings,®! using the isolated blood perfused 
dog heart, determined the influence of changing 
the interstimulus interval. Doubling the number 
of contractions while maintaining the number of 
stimuli constant, or by changing paired pacing to 
double heart rate, had essentially the same effect 
on myocardial potassium balance. They concluded 
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that the duration of the interstimulus interval is 
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the principal determinant of myocardial potas- — 


sium balance. The interstimulus interval is greatly 
shortened in tachycardias and this could account 
for the potassium loss. 

4. Sodium pump lag: Langer et al.'**° postu- 
lated that the loss of potassium observed with in- 
creasing frequency of contraction is due to a so- 
dium pump lag which allows for a transient net 
loss of potassium. They have shown that as the 
rate is increased the adenosine triphosphatase 
mechanism is stimulated by the net sodium gain 
inside the cell and this is associated with a potas- 


sium loss. Eventually, as the rate speeds up pasta — 


certain point, the adenosine triphosphatase mecha- 
nism reaches a maximum and a more progressive 
potassium loss results.5?.5? 


5. Squeezing effect of mechanical systole: Sjo- | 


strand?* believed that the cyclic variations of po- 
tassium efflux which correlate with the contraction 
of isolated heart muscle may be due in part to a 
squeezing effect resulting from mechanical systole. 
However, this was disproved by the paired pacing 
experiments of Gilmore and Gerlings,®! which did 
not show a net change in myocardial potassium 
balance when the number of mechanical systoles 
was doubled. 

6. Increased coronary flow: Others explained 
the potassium loss when the rate speeded up as due 
to an increased coronary flow causing a washout 
of potassium. Our and other experiments” did not 
demonstrate an associated increase in coronary 
flow; therefore, the observed potassium egress 
could not have been due to a washout effect. 

7. Anaerobiasis: Our experiments exhibited 
the coronary sinus lactic acid increased, suggest- 
ing anaerobic conditions existed during the tachy- 
cardia which was probably due to the relatively in- 
creased oxygen demands during the tachycardia. 


Treatment of Tachyarrhythmias Due to 
Potassium Loss 


As a result of our studies we conclude that a 
basic principle in the treatment of tachyarrhyth- 
mias is the inclusion of methods that restore 
myocardial potassium balance. The latter can best 
be accomplished by correcting a state of hypox- 
emia if it exists. Cherbakoff et al.8 demonstrated 
that infusion of insulin-glucose or sodium bicar- 
bonate solution, or both, into the coronary artery 
will reduce the coronary sinus potassium efflux 
following the coronary ligation, and that the car- 
diac rhythm will remain regular for a prolonged 
period of time. Administration of hypertonic glu- 
cose and saline solutions may prevent serious elec- 
trocardiographic and arrhythmic disturbances 
during the post-hypercapnic recovery period; this 
recovery period is accompanied by myocardial po- 
tassium egress.? Sodi-Pallares et al. have ob- 
served that administration of potassium in the 
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form of polarizing solution (glucose, insulin and 
potassium chloride) prevents or diminishes the ap- 
pearance of ectopic beats or rhythms after coro- 
nary occlusion in animals and man. Some have re- 
ported effective results when polarizing solution is 
administered to patients with atrial and ventricu- 
lar tachycardia not related to digitalis administra- 
tion. Regan et al.? noted that when a solution of 
potassium combined with glucose and insulin 
(GKI) was administered intravenously, it cor- 
rected ischemic arrhythmias because it restored 
the myoeardial potassium loss. However, his later 
studies intimated the effect on the myocardium 
was not direct because when GKI solution was in- 
jected directly into the coronary artery, digitalis- 
induced tachycardias were corrected in only 1 of 
5 animals.°® However, it is known that an intra- 
coronary infusion of solutions containing potas- 
sium might act as an irritant," and this could ex- 
plain why the arrhythmias were not always cor- 
rected in Regan's experiments. 

Both quinidine?! and beta adrenergic blocking 
agents5559 cause a net gain of myocardial potas- 
sium, and this might explain some of their antiar- 
rhythmie action. Helfant et al.9^9'! demonstrated 
that diphenylhydantoin restored myocardial po- 
tassium loss due to digitalis induced arrhythmias 
in the intact dog's heart, but Miller and Gerlings 
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and co-workers9?9?3 later challenged this finding 
with what would appear to be variable results in 
the heart-lung preparation using whole blood tech- 
niques for measuring potassium. Regan et al.? con- 
cluded that because procainamide regulated potas- 
sium balance it converted strophanthidin-induced 
arrhythmias. However, we question whether the 
restoration of myoeardial potassium might have 
resulted from conversion of arrhythmias. 

Our studies show that a considerable net myo- 
cardial potassium loss occurs during rapid ventric- 
ular tachycardias. This is not necessarily associ- 
ated with a reduction in coronary flow but is ac- 
companied by increasing levels of lactic acid in the 
coronary sinus, thus indicating myocardial isch- 
emia secondary to excessive myocardial oxygen 
consumption, The net potassium loss may per- 
petuate other, more serious arrhythmias and cause 
them to be resistant to therapy. Further study is 
required to determine if the concept of restoring 
myocardial potassium balance may provide a new 
basis for treatment of arrhythmias. 
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In 6 patients with supraventricular tachycardias, induction of atrial 
fibrillation by alternating current stimulation of the right atrium was 
found to be an effective and safe method for terminating these 
arrhythmias or slowing the ventricular rate. The latter, after induction 
of atrial fibrillation, provided a good clinical guide for judging the 
need for further administration of digitalis. 


Pharmacologic therapy for supraventricular tachycardias is often 
unsuccessful, whereas direct current (d-c) countershock in pa- 
tients receiving digitalis preparations may be hazardous.** Re- 
cent reports5»?* suggest that various modes of atrial stimulation 
may be safer than d-c countershock in the management of supra- 
ventricular tachycardias during administration of digitalis.*" 
The purpose of this paper is to report that the application of alter- 
nating current (a-c) to the right atrium provides an alternative 
means of excitation and is useful in the treatment of these ar- 
rhythmias. 


Materials and Methods 


Six patients, aged 16 to 85 years, with supraventricular tachycardia 
formed the basis for this study, and Table I presents the relevant 
clinical data pertaining to them. In each case a transvenous bi- 
polar electrode was introduced percutaneously into the right atrium 
under fluoroscopic control. Alternating current was then applied to the 
atrium by a Cordis a-c stimulator. Before and immediately after a-c 
stimulation, bipolar atrial electrograms were recorded concomitantly 
with a standard lead electrocardiogram in order to document the 
rhythm. The method used in these procedures has been described else- 
where.5.5 All records were obtained on a multichannel photographic re- 
corder. A battery-powered alternating current stimulator abie to de- 
liver currents of 40 to 1,000 Hz at 1 to 12 milliamperes was used, but 
the actual current delivered to the right atrium was 60 or 80 Hz at 2 
to 6 miliiamperes with a stimulus duration of 2 to 4 seconds. 


Results 


Of the 6 patients studied, 2 presented with an atrioventricular 
(A-V) junctional tachycardia (Fig. 1 and 2) and 4 with atrial 
flutter (Fig. 3 to 5). In each instance a-c stimulation immedi- 
ately converted the rhythm to atrial fibrillation (Table I). 

In Case 1 (Fig. 1) atrial fibrillation persisted for approximately 
an hour before reverting spontaneously to sinus rhythm. In Cases 
2 and 3 the fibrillation continued for only a few minutes and then 
reverted to normal sinus rhythm. In Case 2 (Fig. 3), the cessation 
of atrial fibrillation was followed by several A-V junctional 
beats, but finally a stable sinus rhythm ensued. In the remaining 
8 subjects the induced atrial fibrillation changed of its own accord 
to atrial flutter. In Patients 4 and 5 (Fig. 2 and 4) the fibrillation 








ITE 


i 
i 


al 


RIGHT T ATRIAL STIMULATION IN pean gO TÁCHYCARDIAS - 


Figure 1. Case 1. A-V junctional tachycardia converted to 
normal sinus rhythm by a-c stimulator. Simultaneously re- 
corded electrocardiogram (ECG), ventricular bipolar (V) and 
atrial unipolar (AUE) electrograms. A, A-V junctional rhythm; 
heart rate is 188/min, and the R-P interval is 0.09 second. 

B, a-c stimulation of the atria. C, immediately after a-c 
stimulation, atrial fibrillation with a slowed véntricular rate is - 
present. The heart rate is about 128/min. D, approximately - 
1 hour later atrial fibrillation converted spontaneously to 
normal sinus rhythm. Paper speed 50 mm/sec, A to C; 25 
mm/sec, D. 


Figure 2. Case 4. A-V junctional tachycardia converted to 
normal sinus rhythm by a-c stimulation. Panels A, C and D, 
simultaneous standard-lead electrocardiogram and atrial bi- 
polar electrogram. A, A-V junctional tachycardia with 1:1 
retrograde activation of the atria. The heart rate is 180/min. 
B, a-c stimulation of the atria. C, immediately after atrial 
stimulation, atrial fibrillation with a rapid ventricular response 
is present. D, approximately 5 minutes later, atrial fibrillation 
changed spontaneously to atrial flutter with 2:1 A-V block. 
E, a-c stimulation was repeated and atrial fibrillation was 
again induced. About 114 minutes after the cessation of a-c 
stimulation, spontaneous termination of atrial fibrillation and 
reversion to normal sinus rhythm occurred. 


Figure 3. Case 2. Conversion of atrial flutter to normal sinus 
rhythm: by a-c stimulation. A, atrial flutter with 4:1 A-V 
block. B, approximately 2 minutes after a-c stimulation, 
atrial fibrillation spontaneously terminates. The beat follow- 
ing cessation of atrial fibrillation is an A-V junctional beat 
with retrograde atrial activation. C, the first 2 beats are A-V 
junctional beats, the first of which is associated with retro- 
grade atrial activation, and the second of which is A-V disso- 
ciated and is preceded by a normally conducted sinoatrial 
beat. After the second beat the rhythm stabilizes to normal 
sinus. 
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Time lines: 1sec 


Figure 4. Case 5. Atrial flutter converted to normal sinus 
rhythm by a-c stimulation. A, simultaneous electrocardio- 
gram, atrial unipolar and atrial bipolar electrograms. The 
atrial rate (AR) is 300/min, and the ventricular rate (VR) is 
150/min. Atrial flutter with 2:1 A-V block is present. B, 
atrial a-c stimulation induces atrial fibrillation, and the ven- 
tricular rate was slowed. C, continuous electrocardiogram. 
There was a recurrence of atrial flutter. Reapplication of a-c 
stimulation of the atria converted the rhythm to normal sinus. 


was induced a second time with a subsequent 
change, again spontaneously, to normal sinus 
rhythm. 

In Case 6, the patient had received 0.8 mg of 
Cedilanid and 1.0 mg of digoxin during the 36 
hours before the attempted a-c conversion. The 
latter immediately altered the rhythm from atrial 
tachycardia with a ventricular rate of 130/min to 
a more rapid atrial dysrhythmia with a ventricular 
rate of approximately 60/min and occasional pre- 
mature ventricular beats (Fig. 5). After 15 min- 
utes the rhythm again reverted to the original 
atrial tachycardia. The slow ventricular rate with 
occasional ventricular premature beats, after stim- 
ulation, suggested that the patient had received at 
least a full therapeutic dose of digitalis. It was 
therefore decided not to make further attempts to 
achieve normal sinus rhythm by atrial stimulation 
or d-e countershock. Approximately 24 hours later 
the rhythm changed spontaneously to atrial fibril- 


A | VR: 130; AR: 260 
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Figure 5. Case 6. Slowing of the ventricular rate by a-c 
stimulation. A, atrial flutter with 2:1 A-V block, B, right atrial 
a-c stimulation with immediate slowing of the ventricular 
rate. C, the a-c stimulation altered the supraventricular 
dysrhythmia; the atrial rate is increased and the ventricular 
rate decreased. Associated with the slowing of the ventricular 
rate there are occasional premature ventricular beats (see 
text). 


TABLE ! 


Clinical Information in 6 Cases 


Case Age 
no. (yr) Disease Medications Before a-c After a-c 
1 40 Bowel obst. None AV-JT AFib— 
1 day NSR 
postop. 
2 85 ASHD Dig. A FI A Fib —> 
NSR 
3 16 History of None A FI A Fio— 
syncope, NSR 
prolonged 
Q-T interval 
- 68 | ASHD Dig., AV-JT AFib— 
quin. A FI 
A FI A Fib —> 
NSR 
5 45 Hypertension Dig. A FI A Fib — 
A FI 
A FI A Fib > 
NSR 
b 67  ASHD Ced., A FI A Fib —> 
+ dig. A FI 


a-c = alternating current stimulation; A Fib = atrial fibrillation; 
A FI = atrial flutter; ASHD = arteriosclerotic heart disease; 
AV-JT = A-V junctional tachycardia; ced. + dig. = cedilanid, 
0.8 mg, + digoxin, 1 mg, in previous 36 hours; dig. = digoxin; 
NSR = normal sinus rhythm; quin. = quinidine; obst. = ob- 
struction; postop. = postoperatively. 
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Dog #2, 3-26-69; Ouabain 50 pg/kg 


Figure 6. Canine experiment: The initiation of ventricular 
fibrillation by a supraventricular beat during overt digitalis 
toxicity. A, control. Sinus rhythm alternating with ventricular 
tachycardia; A-V dissociation is present. The first beat is a 
sinus beat, and the second a fusion beat. B, a-c stimulation 
during digitalis-induced ventricular tachycardia with A-V 
dissociation elicited premature atrial beats. One of the pre- 
mature atrial beats was normally conducted to the ventricles 
during the ventricular vulnerable period and induced ventric- 
ular fibrillation. (Supraventricular QRS configuration was 
established by previous recordings.) LA — left atrial electro- 
gram (bipolar); V — ventricular electrogram (bipolar). 


lation and after a further 90 minutes to normal si- 
nus rhythm. 


Discussion 


The successful use of various modes of electrical 
stimulation of atria for the treatment of supraven- 
trieular tachycardias has been recorded by other 
investigators."* Thus, paired and coupled pacing 
of the atria are known to slow the ventricular rate 
during sinus tachycardia? and low frequency a-c 
stimulation has been reported to lessen the ven- 
tricular rate in supraventricular tachycardias.? 
Termination of reciprocal tachycardias by pairs of 
atrial stimuli,!°- as well as an atrial tachycardia 
by a single stimulus," has also been described. 
Atrial tachycardias, atrial flutter and A-V junc- 
tional tachycardias have been treated successfully 
by rapid atrial stimulation (200 to 1,200 pace- 
maker impulses/min.) .5-7-15-17 

Previous experience with rapid atrial stimula- 
tion has shown that electrical induction of atrial 
fibrillation is an effective and safe method for 
treating patients with supraventricular tachycar- 
dias who are receiving digitalis."" Therefore, it 
seemed worthwhile to study the clinical applicabil- 
ity of inducing atrial fibrillation by a-c stimulation 
of the right atrium in patients with such tachycar- 
dias. 

Experimental testing for safety: Before at- 
tempting the procedure clinically, safety was tested 
in 10 experiments on dogs. These comprised right 
atrial stimulation with alternating current before 
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Figure 7. Canine experiment: The unmasking of digitalis tox- 
icity by a-c stimulation of the atria following administration 
of 40 „g/kg of ouabain. In this experiment 50 wg ouabain 
produced overt digitalis toxicity. The P-P interval during 
normal sinus rhythm was 320 msec. a-c stimulation resulted 
in a short run of multifocal atrial tachycardia. After cessation 
of a-c stimulation, there was spontaneous reversion to sinus 
rhythm. The first P—P interval after reversion was prolonged 
to 380 msec. This slowing of the heart rate permitted the 
escape of a digitalis-accelerated ventricular pacemaker. 


Dog #2, 3-26-69; Ouabain 40 pg/kg 


and after the animals were given toxic doses of 
digitalis—intoxication being assumed when spon- 
taneous ventricular tachycardia occurred. In 1 dog, 
shortly after the a-c stimulation had been applied, 
a supraventricular beat interrupted a digitalis- 
induced ventricular tachycardia. This occurred 
during the vulnerable period of a cardiac cycle and 
caused ventricular fibrillation (Fig. 6). Figure 7 
shows the unmasking of digitalis toxicity by right 
atrial a-c stimulation. The ventricular rate was 
slowed, thus permitting the escape of a previously 
hidden digitalis toxic ventricular pacemaker. In 
these experiments, there was no instance in which 
a-c stimulation had a direct deleterious effect on 
ventricular activation. The results of this work 
clearly demonstrated that right atrial a-c stimula- 
tion is a safe method for inducing alterations in 
atrial rhythm with a succeeding slowing of the 
ventricular rate. However, the slowing of the ven- 
tricles may unmask digitalis toxicity.*® 

Clinical application: It is well known that su- 
praventricular tachycardias that revert spontane- 
ously to normal sinus rhythm often pass through 
an initial interim period of atrial fibrillation. The 
clinical results of this study, together with the ex- 
perience of others, confirm that atrial fibrillation 
is usually a self-terminating dysrhythmia unless 
advanced disease of the atria is present.® 7 Hence, 
the induction of atrial fibrillation by a-c stimula- 
tion of the right atrium in patients with supraven- 
tricular tachycardias is another mode of atrial 
stimulation which is therapeutically effective. 
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Intraaortic balloon pumping effectively interrupts the vicious circle 
of cardiogenic shock by increasing coronary blood flow and decreas- 
ing left ventricular work and myocardial oxygen requirements. Clini- 
cal experience with intraaortic balloon pumping in 4 patients with 
intractable cardiogenic shock and in 1 patient with intractable left 
ventricular failure from myocardial infarction is reported. Four of the 
5 comatose anuric patients were returned to the coronary care 
unit alert and in a hemodynamically stable state after an average of 
12 hours of pumping. 

Since the fate of the patient in cardiogenic shock from myocardial 
infarction depends upon the balance between myocardial oxygen 
supply and demand, it is believed that the primary aim of intraaortic 
balloon pumping should be directed toward increasing coronary blood 
flow. A dual-chambered balloon mounted on a single lumen catheter 
is described which, in contrast to the conventional single-chambered 
balloon, pumps the blood unidirectionally toward the root of the 
aorta and markedly increases coronary and cerebral blood flow. A 
safety chamber is interposed between the intraaortic balloon and 
driving unit, which permits use of carbon dioxide, instead of helium, 
and a vacuum to assist deflation of the balloon, to assure maximal de- 
crease in left ventricular afterload by facilitating ventricular ejec- 
tion. 

Intraaortic balloon pumping is shown to be an innocuous pro- 
cedure which is easily instituted at the bedside. A plea is made for 
earlier referral of patients. Although intraaortic balloon pumping by 
itself may not salvage these patients with shock, it effectively pre- 
pares them for more definitive surgical therapy, such as coronary 
artery bypass or infarctectomy. One such patient was successfully 
supported and referred for infarctectomy. 


With the introduction of coronary care units and with the 
prompt treatment of primary cardiac arrhythmias and congestive 
cardiac failure, the mortality from myocardial infarction has 
been greatly reduced. However, despite the most meticulous care, 
in approximately 20 percent of patients with myocardial infarc- 
tion cardiogenic shock occurs; their condition ultimately becomes 
refractory to medicinal therapy, and pump failure develops, with — 
a mortality of 80 to 100 percent.':? Since it has not been possible to 
salvage these patients with medicinal therapy alone, help can 
come only from a mechanical means of assisting the failing heart. 
Intraaortic balloon pumping (IABP) at present appears to be the 
best method because of its simplicity of application and effective- 
ness in decreasing left ventricular work and increasing coronary 
blood flow without causing damage to the formed blood elements.’ 
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Figure 1. Diastolic augmentation and decrease in left ven- 


tricular afterload with initiation of unidirectional intraaortic 
balloon pumping. Peak systolic (S) pressure decreases ap- 
proximately 20 mm Hg and diastolic (D) pressure increases 
approximately 35 mm Hg. 


Originally developed by Moulopolos et al.* the 
feasibility of clinical application has now been well 
demonstrated.^? However, the commonly em- 
ployed cylindrically shaped single-chambered or 
segmental balloons*!9? displace blood both crani- 
ally and peripherally and thereby dissipate much 
of their effectiveness in augmenting coronary 
blood flow. The survival of patients from myocar- 
dial infarction is ultimately determined by the 
balance between myocardial oxygen supply and 
demand." We, therefore, have developed a dual- 
chambered balloon which, instead of displacing 
the intraaortic blood in all directions (omnidirec- 
tional), pumps it effectively toward the root of the 
aorta (unidirectional), thus maximally increasing 
both coronary and cerebral blood flow. The efficacy 
of our method is illustrated by the rate with which 
comatose patients with severe cardiogenic shock 
and left ventricular failure have become alert and 
their state hemodynamically stable. Although 
originally devised as a last resort in the hopeless 
case, intraaortic balloon pumping has in our 
hands, proved to be a simple and innocuous pro- 
cedure that should be considered for the many po- 
tential recipients of circulatory assistance before 


. they reach a pre-terminal state. 
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Figure 2. Carotid blood flow (CAR.), aortic blood pressure 
(A.P.) and left ventricular pressure (L.V.) before (left) and 
during assist (right) in canine preparation. Note the large 
increase in carotid blood flow during diastole and the drop 
at the end of diastole. 





Principles of Intraaortic Balloon Pumping 


Intraaortic balloon pumping, like conventional 
arterioarterial counterpulsation which it has su- 
perceded, has 2 objectives: (1) to increase coro- 
nary blood flow, and (2) to reduce left ventricular 
work. If properly timed, inflation of the balloon 
during diastole will augment diastolic pressure 
and, hence, coronary perfusion pressure (Fig. 1). 
Since coronary perfusion is pressure-dependent 
and oceurs mainly in diastole, coronary blood flow 
will be greatly improved. This effect is greatly en- 
hanced by employing the dual-chambered balloon 
which, depending on the size of balloon used, 
pumps up to 35 ml of blood cephalad making it 
available for coronary and cerebral blood flow. 
Talpins et al.? have demonstrated a 60 to 100 per- 
cent increase in coronary blood flow when using 
the dual-chambered balloon. 

Arterial counterpulsation, although it may pro- 
duce adequate pressure increments in diastolic 
pressure, is not necessarily associated with move- 
ment of blood toward the root of the aorta.!? Em- 
ployment of the dual-chambered balloon over- 
comes this objection by creating a unidirectional 
flow of blood toward the root of the aorta. 

Since deflation of the balloon occurs just before 
and during systole, aortic impedance is greatly 
diminished and left ventricular ejection is facili- 
tated. This leads to more efficient left ventricular 
emptying and, because of the decreased left ven- 
tricular afterload, to a marked reduction in sys- 
tolie pressure, left ventricular work and myocar- 
dial oxygen consumption (Fig. 1). In our labora- 
tory studies, left ventricular work was decreased 
by 28.8 percent and the tension-time index by 35.4 
percent.? 

The improved emptying of the left ventricle has 
a profound effect on pulmonary hemodynamics 
and the right side of the heart. Pulmonary edema 
improves and central venous pressure decreases. 
This is in keeping with observations reported 
from our laboratory that the reduction in right 
ventricular work parallels the decrease seen in the 
left ventricle. 

Timing of inflation and deflation are critical. If 
inflation occurs too early, the aortic valve will still 
be open and the pressure wave will coincide with 
ventricular systole, thereby causing severe embar- 
rassment to the ventricle. On the other hand, if de- 
flation occurs too early in diastole, some blood may 
be “sucked” into the aorta from the coronary and 
cerebral circulations, particularly if the aorta is 
very rigid (Fig. 2). 


Technical Aspects 


Design and action: Design and action of the dual- 
chambered balloon are demonstrated in Figure 3. A 
small spherically shaped “occluding” balloon and a 


larger “pumping” balloon are mounted on a single 
lumen radiopaque catheter. Sequential infiation is ob- 
tained by a valve in the catheter. At commencement of 
diastole, the spherical (distal) balloon is inflated and 
obstructs peripheral flow in the aorta. This is followed 
a few milliseconds later by inflation of the pumping 
balloon. The pumping balloon is 3 to 4 mm smaller in 
diameter so as to avoid contact with the aortic wall and 
to permit propulsion of the blood in a cephalad direc- 
tion, that is, toward the root of the aorta. Both balloons 
are deflated simultaneously by a vacuum just before 
and during systole. 

The balloons are made of nonthrombogenic urethane 
of various diameters displacing up to 35 ml of blood. 
A metallic pellet at the tip assists roentgenographic 
visualization to ascertain the position of the balloon in 
the aorta. 
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Figure 3. A, “unidirectional” pumping of dual chambered 
balloon versus ''omnidirectional" pumping of single cham- 
bered balloon. B, pumping action of dual-chambered intra- 
aortic balloon, The smaller spherical balloon inflates slightly 
earlier and obstructs peripheral flow in the aorta. The larger 
cylindrical balloon then pumps the blood effectively toward 
the root of the aorta. 


INTRAAORTIC BALLOON PUMPING IN CARDIOGENIC SHOCK 
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Figure 4. Simultaneous recordings of pressures proximal 
and distal to dual-chambered intraaortic balloon in patient 
with cardiogenic shock. Note the diastolic augmentation ob- 
tained in the pressure tracing of the aortic arch. There is a 
small increase in diastolic pressure in the femoral arterial 
tracing with inflation of the occluding balloon. 


Action of the balloon is readily documented by pres- 
sure tracings obtained simultaneously during pumping 
from the aorta and from the femoral artery, that is, 
both proximal and distal to the balloon (Fig. 4). As 
can be seen, diastolic pressure is augmented in the aor- 
tic arch tracing only. Diastolic augmentation is absent 
in the femoral artery, indicating that the occluding bal- 
loon is effective and that blood is being pumped toward 
the central aorta only. The small rise in femoral ar- 
terial pressure early in diastole is caused by the infla- 
tion of the occluding balloon. 

With the tip of the balloon at the left subclavian ar- 
tery, the occluding balloon may be located above the 
renal arteries and therefore may interfere with renal 
blood flow during diastole. This was, in fact, the case 
in 2 of our patients, but urinary flow resumed. How- 
ever, if urinary flow does not resume, the balloon may 
be pulled back as soon as the patient is alert and in a 
hemodynamically stable state so as to occlude the aorta 
below the renal arteries. 

With any balloon some of the blood pumped toward 
the aortic arch will run off into the subclavian arteries. 
Neither trauma to the aortic wall nor thrombus forma- 
tion was observed at autopsy or in any of the animals 
studied. 

Electronic controls: Pumping is triggered by the 
R wave of the electrocardiogram. We have been using 
a Datascope control unit which permits employment of 
an “exhaust-pressure” logic (Fig. 5). In this logic, the 
R wave triggers deflation of the balloon during the 
systolic interval. This is followed by inflation during 
diastole. Thus, the R wave of a premature ventricular 
contraction will cancel the inflation related to the pre- 
ceding beat to prevent pump systole from coinciding 
with ventricular systole. Controls select onset and 
duration of inflation. The unit can be battery-operated 
to permit transport of the patient during assistance. 
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Figure 5. Control panel of the cardiac assist control unit 
employed in these investigations. 


Although the exhaust-pressure logic is the preferred 
mode of operation and has been employed in all our pa- 
tients, the electronic system permits the use of a “‘pres- 
sure-exhaust" logic if necessary and also permits the 
triggering of pumping from the peak systolic pressure 
in cases in which the electrocardiogram presents diffi- 
eulty in triggering the electronic circuitry. An addi- 


tional control permits a gradual increase in the com- 


pression of the slave balloon in the safety chamber in 
order to initiate balloon pumping gradually over many 
beats and to avoid embarrassing a highly irritable 
heart (see Fig. 9). 

Safety chamber, slave balloon and vacuum: We 
consider the use of a "safety" chamber interposed be- 
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Figure 7. Intraaortic balloon obstructing the aorta. Note in- 
crease instead of decrease in ventricular pressure and the 
poor diastolic augmentation of aortic pressure due to di- 
minished stroke volume of balloon. 





Figure 6. Dual-chambered balloon acting in 
tandem with slave balloon in the safety cham- 
ber. A, transfer of gas (CO.) during diastole 
from slave balloon to intraaortic balloon. B, 
complete deflation of intraaortic balloon as- 
sisted by vacuum acting on slave balloon. 


tween the intraaortic balloon and the pressure valve 
unit indispensable for clinical work. It makes balloon 
pumping safe and provides visual control of the action 
of the intraaortic balloon. The intraaortic balloon is 
connected by means of a T-piece to an external “slave” 
balloon contained in a plexiglass chamber (Fig. 6). 
The chamber is connected to a pneumatic pressure 
source and vacuum pump which are activated by the 
electronic control system. This arrangement has the 
following important advantages: 

1. The system is closed. Inflation of the intraaortic 
balloon is achieved by transfer of gas from the slave 
balloon to the intraaortic balloon, the volume being 
predetermined by the capacity of the intraaortic bal- 
loon. This causes filling of the intraaortic balloon with- 
out distension and possible rupture. 

2. The system eliminates the possibility that more 
gas than the amount introduced into the slave balloon 
could ever accidentally escape into the aorta. 

8. Use of a vacuum acting on the slave balloon as- 
sures active and complete collapse of the intraaortic 
balloon without developing the effects of cavitation. 

4. Pressure and vacuum acting on the slave balloon 
permit rapid gas transfer and the use of soluble carbon 
dioxide instead of helium. 

5. The system provides visual control of the intra- 
aortic balloon's performance by observing inflation and 
deflation of the slave balloon in the safety chamber. 

The importance of using a vacuum: One of the 
funetions of intraaortic balloon pumping is to reduce 
left ventricular work. This is accomplished by collaps- 
ing the balloon at the end of diastole and at the begin- 
ning of systole, thereby decreasing aortic impedance, 
assisting ventricular ejection and increasing stroke 
volume. However, intraaortic pressure cannot be re- 
lied upon to collapse completely the balloon, particu- 
larly with end-diastolic pressures of 30 to 40 mm Hg. 
The partially collapsed balloon not only may fail to aid 
ventricular ejection, but may actually produce a hin- 
drance so that left ventricular work is increased rather 
than decreased. Inflation of a partially collapsed balloon 







TABLE ! 
Clinical Status of 5 Patients 
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Previous . 

ciko Age (0) fazli 30 Min. Mental Status Urinary Output 

no. & Sex (no.) Pre-Assist of Assist Pre-Assist 30 Min. of Assist Pre-Assist Last Hour of Assist 
1 63M 1 TEE — Coma Alert Oliguric 38 ml/min (4 hr) 
2 76M 0 TT — Coma Alert Anuric Anuric 
3 64M 1 ++ = Alert Alert Anuric Anuric 
4 55F 0 T4 — Clouded Alert Anuric 43 ml/min (11 hr) 
5 44M 0 TE + Clouded Alert Anuric 60 ml/min (14 hr) 





will also be less effective since the stroke volume of 
the balloon will be greatly reduced. The points are illus- 
trated in Figure 7. With balloon pumping, ventricular 
and aortic pressure increase and diastolic augmenta- 
tion is minimal. Contrast this with the effects of pump- 
ing while employing a vacuum for deflation of the in- 
traaortic balloon (Fig. 1). Whereas Kantrowitz!? states 
that use of a vacuum is unnecessary, we believe that 
use of a vacuum is the single most important factor in 
assuring maximal decrease in left ventricular afterload 
by facilitating left ventricular ejection. 

Surgical technique: The balloon is inserted under 
local anesthesia through an arteriotomy in the femoral 
artery so as to place the tip at the origin of the left 
subclavian artery. In 3 of our comatose patients, no 
anesthesia was required. Hemostasis is accomplished 
by snaring the femoral artery with umbilical tape. 
Pumping is commenced immediately, and the patient 
is heparinized. A 10 mm Dacron? prosthesis previously 
passed over the balloon catheter is then sutured to the 
femoral artery to permit perfusion of the distal limb 
during the period of balloon pumping. The snare is 
then placed around the graft and peripheral circulation 
is reestablished (Fig. 6). 

At this stage a pressure tracing from the femoral 
artery may be taken. It should record only minimal 
diastolic augmentation (Fig. 4) early in diastole. The 
presence of a large diastolic wave in mid-diastole 
would indicate that the occluding balloon is ineffective 
and that the diameter of the aorta is larger than ini- 
tially assumed. In this case, the balloon will simply 
act as a single-chambered balloon. Pumping can be 
continued, and at a suitable moment the balloon may 
be replaced by one of a larger size. Use of a radiolucent 
bed has greatly facilitated the taking of X-ray films, 
which are necessary for ascertaining the position of 
the balloon, monitoring the clearing of pulmonary 
edema, placing catheters or electrodes, and taking an- 
giograms without disturbing the patient. 


Clinical Experience 


Selection of patients: Seven patients with cardio- 
genie shock were studied. The condition of all was re- 
fractory to medical treatment; 6 were anuric, and 4 
were comatose. In 2 patients with severe aortoiliac dis- 
ease, the balloon could not be inserted, and the patients 
died within an hour of the attempts. Twelve other pa- 
tients met the criteria for mechanical intervention, but 
all died before assistance could be instituted and, there- 
fore, may be considered control subjects. A strict proto- 
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col to exhaust all possibilities of medical therapy was 
followed in every case, correcting any abnormality in 
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rhythm and insuring that the patient indeed had medi- 
cally refractory cardiogenic shock. In defining cardio- 


genic shock, we followed the criteria originally pro- 
posed by Binder et al.!* who listed 5 points for deter- 
mining its presence and for evaluating the effect of 


therapy: (1) acute myocardial infarction proved by 
electrocardiogram; (2) systolic blood pressure of 80 
mm Hg or less and pulse rate 110/min or more; (3). 
clinical signs of peripheral circulatory collapse with 
marked oliguria or anuria, pallor, cyanosis, or both, 


sweating, cold skin and dull sensorium; (4) no im- 


provement in the shock state for 30 minutes after re- 


lief of pain and administration of oxygen; and (5) 


absence of ventricular and supraventricular tachycar- 
dia, severe congestive heart failure, significant pul- 


monary infarction, recent cerebrovascular accident, 


diabetic acidosis, hemorrhage, infection or the effect of- 


hypotensive drugs. 
‘Case material: 


The 5 assisted patients ranged in 


age from 44 to 76 years; 4 were male and 1 female 
(Table I). Two had previously sustained myocardial 


infarctions. Two were in the group with delayed shock, 
cardiogenic shock having developed 60 and 38 hours 
after the onset of infarction, respectively. One addi- 


tional patient in a terminal state with oliguria and in- 
tractable left ventricular failure 2 weeks after myocar- 


dial infarction was successfully assisted for 14 hours 
in preparation for open heart surgery. In the 5 patients 


the interval from the onset of cardiogenic shock to the 
initiation of assist averaged 31 hours. Three of the pa- 


tients had cardiac arrests in the hospital before assis- 
tance, 1 having 5 arrests. All patients had pulmonary 


edema; 2 were stuporous and 2 were in frank coma, 


thereby reflecting the severe curtailment of cerebral 
blood flow. 


Results 


Clinical course: Duration of assistance to he- 
modynamic stabilization ranged in our patients 
from between 4 to 16 hours, averaging 12 hours 
(Table II). The course in Case 4 as well as the 
changes in the various indexes during the period 
of assistance are demonstrated in Figure 8. After 
11 hours of assistance, the patient’s condition was 
markedly improved, and vasoactive drugs had 
been discontinued. These changes were typical for 
the entire group. With the institution of pumping, 
the need for vasoactive drugs decreased, the pa- 
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tients responded to diuretic agents, and their myo- 
cardia became less irritable. In the first patient, 
who had 5 separate episodes of ventricular fibrilla- 
tion at short intervals before assistance, the 


rhythm became completely regular within a few 


minutes of assistance. Four patients survived in- 


traaortic balloon pumping and were returned to 


the coronary care unit. One patient (Case 1) is 
alive and well 18 months after assistance. A sec- 
ond patient (Case 2), whose condition improved 


markedly during assistance, died suddenly as a re- 
- sult of extension of the infarct into the septum, 


-~ acute heart failure and acute atrioventricular dis- 





= sociation. At autopsy, only approximately 15 per- 
. cent of myocardium was viable. A third patient 
= (Case 3) remained in a hemodynamically stable 

state for 2 days after assistance but died of pneu- 


monia and renal failure. He had aspirated while 
comatose. A fourth patient (Case 4) was well for 
7 days after assistance but died suddenly from 
ventrieular rupture and tamponade. The fifth pa- 
tient (Case 5), with intractable left ventricular 


b. failure, had a prompt diuresis with assistance. His 
. pulmonary edema cleared, and cardiac output in- 
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creased from an initial 3.5 to 5.3 liters/min. After 
angiographic studies were made, open heart sur- 
gery was performed to resect a large left ventricu- 
lar aneurysm. 

Hemodynamic data: Figure 9 illustrates insti- 
tution of intraaortic balloon pumping in our first 
patient, who had severe cardiogenic shock with a 
systolic blood pressure between 30 and 50 mm Hg. 
Over 30 seconds, the pressure input to the safety 
chamber was gradually increased until full dia- 
stolic augmentation had been achieved. During 
this period, systolic pressure decreased 15 mm Hg, 
and peak diastolic pressure gradually increased to 
70 mm Hg by the time the intraaortic balloon was 
completely inflated. In our 4 patients with cardio- 
genic shock systolic blood pressure before assis- 
tance ranged from 40 to 80 mm Hg; with the onset 
of intraaortic balloon pumping it decreased an 
average of 11 mm Hg. After 1 minute of assis- 
tance, peak diastolic pressure had increased by an 
average of 54 mm Hg (Table III). Central venous 
pressure decreased an average of 8 cm of water 
within the first 30 minutes of assistance; this find- 
ing correlates well with the resolution of pulmo- 
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TABLE II 
Clinical Course 
A Interval from 
Interval from Onset of 
Onset of Infarc- Cardiogenic 
tion to Onset Shock to Initia- ^ Cardiac 
Case of Cardiogenic tion of Assist Arrests Duration of 
no. Shock (hr) (hr) (no.) Assist (hr) Course Cause of Death 
1 1 53 5 4 Alive and well 10 months 
after assist 
2 60 36 0 16 Improved during assist; Infarct extended into 
died suddenly septum; acute heart 
failure, acute A-V 
dissociation 
3 6 27 1 15 Survived 2 days Pneumonia, renal failure 
4 38 9 1 11 Survived and well for 7 Sudden death from 
days ventricular rupture and 
tamponade 
5 hi sale 0 14 Improved and transferred Inadequacy of left 
k for aneurysmectomy ventricular chamber 
* Myocardial infarction with intractable left ventricular failure for 2 weeks. 
TABLE Ill 
Hemodynamic Data 
Decrease in 
Central Venous Pressure 
Systolic BP Peak Diastolic ; , Free Plasma 
H20 Cardiac Index (liters/m? ) 
BP at Onsetof ^X Pressure—1 ho RN T s Cardiac inge lon /m Maximal % Increase Hemoglobin at 
Case Pre-Assist Assist Min. of Assist Pre- 30Min. Immediately Post- in dp/dt Termination of Assist 
no. (mm Hg) (mm Hg) (mm Hg) Assist of Assist Before Assist Assist During Assist (mg/100 ml) 
1 80/60 10 102 20 10 1.61 1.83 98.5 7 (hr) 
2 70/50 10 98 17 8 0.6 0.95 76.3 0.5 (16 hr) 
3 50/30 15 90 13 3 0.83 0.93 100.2 
| 4 50/35 9 100 4 1.06 1.94 79.7 Y n 
M 5 115/75 25 110 5 4 1.94 2.57 Not 0.5 (14 hr) 
computed 


BP = arterial blood pressure. 
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Figure 9. Case 1. Initiation of intraaortic balloon pumping in a patient with severe refractory cardiogenic shock. By gradually 
increasing the pressure in the safety chamber, a progressive decrease in the systolic pressure is obtained, thus avoiding com- 
plications from a highly unstable heart. Full effects of balloon pumping are obtained within 30 seconds. 
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Figure 10. Case 3. Course of blood pressure and venous pressure in patient undergoing dual-chambered intraaortic balloon 
pumping. Note progressive decrease in central venous pressure and improvement in blood pressure during 16 hours of assist- 
ance. A, at 1 minute of assistance. B, just before termination of assist. 


nary edema in these patients (Fig. 10). The rate- 
corrected presystolic ejection time!5 was reduced 
an average of 27 percent. The average cardiac in- 
dex was 1.08 liters/m? before assistance and 1.41 
immediately after assistance. Although not ade- 
quately reflected by the cardiac output, the ven- 
tricular function showed marked improvement in 
all patients. All patients had pulmonary edema be- 
fore assistance, and within 30 minutes of intra- 
aortic balloon pumping their chests had cleared as 
shown by both auscultation and roentgenography 
(Fig. 11). Within 30 minutes cf assistance, all pa- 
tients were alert. Three of the 4 anuric patients 
had normal urinary output. 

Free plasma hemoglobin determinations at the 
termination of assistance in 3 patients were 7 mg/ 
100 ml (after 4 hours of assistance), 0.5 mg/100 
ml (after 16 hours of assistance), and 0.5 mg/100 
ml (after 14 hours of assistance), respectively. 





Plasma growth hormone levels: Changes in 
plasma growth hormone and in plasma cortisol 
levels occur in cardiogenic shock which reflect the 
clinical state of the patient and correlate well with 
the hemodynamic changes.!* In 3 of our patients, 
both hormones were markedly elevated before in- 
traaortie balloon pumping. Growth hormone levels 
had risen to between 11 and 19 myg/ml, and corti- 
sol levels to over 100 »g/100 ml. After a period of 
pumping when the patients had become alert and 
were in a hemodynamically improved state, the 
levels of both hormones dropped markedly. 

These changes are well illustrated in Patient 1, 
whose plasma growth hormone level was 19 myg/ 
ml before intraaortic balloon pumping was started 
at a time when he was comatose. After 1 hour of 
balloon assistance, when he had become alert, the 
level of growth hormone had dropped to 3.5 myug/ 
ml. There were no significant changes either in 
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Figure 11. Case 4. Chest roentgenogram before dual-chambered intraaortic balloon pumping (A) and after 30 minutes of as- 


sistance (B), demonstrating rapid clearing of pulmonary edema. 
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blood glucose or in urea levels during this period 
of time. 

Pituitary secretion of growth hormone is known 
to be regulated by the hypothalamus. It is therefore 
tempting to speculate that secretion of growth 
hormone might have been stimulated during the 
periods of relative brain ischemia and that subse- 
quent relief of the ischemia by the increased ca- 
rotid blood flow during balloon assistance reversed 
this process. This view is supported by current 
studies carried out in our laboratories in animals 
with cardiogenic shock; increases of 30 to 40 per- 


cent in carotid blood flow were observed during 


intraaortic balloon pumping. 


Discussion 


Although the exact pathophysiologic mecha- 
nism of cardiogenic shock is not completely under- 
stood, a simplistic concept may look upon it as a 
vicious circle in which the infarct leads to a reduc- 
tion in cardiac output producing a decrease in both 
blood pressure and coronary perfusion; this in 
turn leads to a decrease in coronary blood flow and 
to significantly more embarrassment of left ven- 
tricular function and a further decrease in coro- 
nary blood flow. In fact, the vicious circle may 
realistically be viewed as a spiral with death at 
its apex. Intraaortic balloon pumping attempts to 
interrupt this chain of events and to unwind the 
spiral in 2 ways: by increasing coronary blood 
flow and by decreasing left ventricular work. 
Many studies have related deterioration of left 
ventricular function to the acute reduction of coro- 
nary perfusion pressure and coronary blood flow, 
and the importance of trying to achieve maximal 
eoronary blood flow in a patient with cardiogenic 
shock has been well emphasized. As Kuhn et al." 
have pointed out, patients without acute myocar- 
dial ischemia may tolerate a similar reduction of 
coronary perfusion pressure. However, in patients 
in whom the greater portion of the myocardium 
ceases to contract, the remaining myocardium can 
take on an increased work load only if its blood 
supply is preserved. For the same reasons, drugs 
that have been beneficial in other forms of shock 
may not necessarily benefit patients with shock 
due to acute myocardial infaretion. As Gunnar et 
al.!'5 have shown, the use of agents, such as isopro- 
terenol, which increase systolic pressure and car- 
diac output by their positive inotropic action but 
which also decrease diastolic and mean pressure 
by peripheral vasodilatation, may result in a de- 
crease in coronary flow while increasing myocar- 
dial oxygen requirements. Indeed, Gunnar et al. 
observed 3 patients whose condition rapidly de- 
teriorated and who died within minutes after iso- 
proterenol was substituted for levarterenol. Death 
was presumed to have been caused by total pump 
failure that occurred after the sudden reduction in 
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coronary blood flow through the noninfarcted myo- 
cardium. In general, then, it would appear that 
deterioration of left ventricular performance in 
cardiogenic shock is largely related to diminished 
coronary blood flow and that survival of the pa- 
tient with a coronary occlusion is ultimately de- 
termined by a balance between the myocardial 
oxygen available and the oxygen requirements." 

Clinical results: The greatest increments in 
coronary blood flow are obtained with our dual- 
chambered intraaortic balloon, which maximizes 
the beneficial effects of mechanical assistance. In- 
traaortic balloon pumping with the dual-cham- 
bered balloon consistently increased coronary 
blood flow by 60 to 100 percent above the value ob- 
tained with the single balloon. The condition of all 
of our patients became hemodynamically stable 
during the period of assistance, and no patient had 
any demonstrable ill effects. The speed with which 
the sensorium cleared was most striking and 
points toward a possible use of intraaortic balloon 
pumping in cerebral ischemia. The effect on cen- 
tral venous pressure was consistent in all patients. 
With the onset of assistance, there was a rapid re- 
duction in left ventricular end-diastolic pressure 
followed by a decrease in central venous pressure 
and prompt clearing of pulmonary edema. With 
this clinical improvement, patients who did not 
tolerate even minimal amounts of fluids before 
assistance were noted to require large volumes of 
colloid-containing solutions. Depletion of plasma 
volume has been suggested as a factor for the per- 
sistence of hypotension in these patients,!**! 
which in some may have resulted from the pro- 
tracted use of levarterenol, known to produce an 
egress of fluid from the intravascular compart- 
ment. 

Besides increasing coronary blood flow, intra- 
aortic balloon pumping effectively reduces left ven- 
tricular work. The relative degree to which either 
of these components contributes to the overall im- 
provement is difficult to assess. However, we 
would guess that some of the more immediate ef- 
fects, such as clearing of pulmonary edema, are 
predominantly related to the unloading of the ven- 
tricle. 

Mortality: With the marked improvement in 
the clinical status of the patients, 4 of 5 were re- 
turned to the coronary care unit; yet the overall 
mortality, in the final analysis, was not proportion- 
ately improved. This may simply be a reflection of 
the fact that the patients referred for mechanical 
support had had cardiogenic shock for many hours 
and were referred too late to be salvaged by any 
form of treatment. This view is supported by the 
fact that all of the 12 other patients who were re- 
ferred for balloon pumping but who, for one rea- 
son or another, did not undergo pumping, died 
within 2 hours. 

On the other hand, although intraaortic balloon 





pumping improves many of the indexes of cardio- 
genic shock, in the final analysis it does not affect 
the totally infarcted myocardium itself, and the 
patient will relapse into intractable shock when 
the procedure is terminated if there is too little 
viable myocardium remaining. 


Present indications: In 3 of our patients there 
was subsequent extension of their infarcts. This 
strongly suggests that only a more definitive ther- 
apy, such as infarctectomy or coronary revascu- 
larization, may salvage the patients. Intraaortic 
balloon pumping would then be an effective method 
of treatment to prepare a patient for possible car- 
diac surgery. This has been the experience of 
other groups. However, there is evidence to in- 
dicate that the myocardial tissue surrounding 
the actual infarct is often functionally compro- 
mised by a relative decrease in coronary blood 
flow; with supportive therapy it is enabled to re- 
cover instead of progressing to necrosis.2? Thus, 
balloon pumping may increase the functional myo- 


cardial mass and reduce the actual size of the ul- 
timate infarct. At least in dogs, mechanical assis- 
tance diminished the size of experimentally pro- 
duced infarcts and increased collateral coronary 
blood flow.*4 More evidence is urgently needed to 
support this concept; if confirmed, it would lend 
strong support to the use of balloon pumping early 
in the treatment of disease. 

At present, our indications for intraaortic bal- 
loon pumping are: (1) cardiogenic shock unre- 
sponsive to medical therapy, (2) intractable left 
ventricular failure, (3) need for pre- and postop- 
erative assistance for cardiac surgery, (4) intrac- 
table angina pectoris (as a therapeutic trial), and 
(5) conditions benefited by à temporary increase 
in cerebral blood flow. Our experience suggests 
that intraaortic balloon pumping is a relatively in- 
nocuous procedure that should no longer be re- 
served for the hopeless case, but rather should be 
considered for the many potential candidates for 
circulatory assistance before they reach a preter- 
minal state. 
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A noninvasive technique for evaluating the extent of myocardial 
ischemic injury after experimental coronary artery occlusion was de- 
vised and applied to study alterations in the extent of injury produced 
by hemodynamic and pharmacologic interventions. The technique was 
then extended to the assessment of myocardial ischemic injury in 
patients with acute myocardial infarction. In 7 closed chest dogs, 
electrocardiograms were recorded from 15 sites on the chest wall be- 
fore and after intermittent occlusions of the left anterior descending 
coronary artery. There was no S-T segment elevation before the 
occlusion; 15 minutes after occlusion the sum of S-T segment ele- 
vations (3S-T) averaged 15.0 + 3.0 mm (SEM, 1 mm deflection = 
0.1 mv), and an average of 4.2 + 0.6 sites exhibited elevations ex- 
ceeding 0.1 mv (NS-T). Occlusions occurring during administration 
of isoproterenol (0.25 „g/kg per min) increased 3S-T to 51.0 + 
9.0 mm and NS-T to 10.6 + 0.9, whereas occlusions occurring after 
administration of propranolol (1 mg/kg) decreased 3S-T to 3.0 + 
1.5 mm and NS-T to 0.2 -- 0.2. In 8 dogs the extent of ischemic in- 
jury, manifested by S-T segment changes, was decreased by pro- 
pranolol and norepinephrine and increased by hemorrhagic hypoten- 
sion and isoproterenol, applied up to 6 hours after occlusion. 

Reproducible S-T segment maps, using 35 surface electrodes, 
were obtained in 19 patients with acute myocardial infarction. In 15 
patients studied serially, 3S-T decreased from 54.25 + 7.00 to 
38.50 + 6.30 mm and NS-T from 18.7 + 2.5 to 12.3 + 2.8, re- 
spectively, during a 24 hour period. However, in 3 patients in whom 
ventricular fibrillation, arterial hypotension and further ischemic pain 
occurred, xXS-T and NS-T increased whereas in another patient 
propranolol decreased 3S-T and NS-T. Thus, precordial mapping, 
both in dogs and patients, shows changes parallel to those measured 
by the epicardial technique and should provide a useful clinical tool 
for determining acute changes in the extent of ischemic injury. 


The direction of S- T segment alterations in leads of the scalar 
electrocardiogram and the orientation of the S-T vector recorded 
by vectorcardiography are valuable in assessing the location of 
acute myocardial infarction.’ It also is well recognized that ex- 
tension of the S- T segment elevation during the evolution of an 
infarct may reflect enlargement of the injured zone.'? Recently, 
we have shown in the open chest dog that the area of ischemic in- 
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A Figure 1. Placement of the 15 precordial electrodes in the 
. dog. 
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jury can be identified from epicardial S-T seg- 
_ ment elevation determined at numerous sites and 
. that these electrocardiographic alterations corre- 
— late well with local myocardial creatine phospho- 
- kinase (CPK) depletion as well as with histologic 
— signs of necrosis 24 hours later.!!? Hemodynamic 
and pharmacologic interventions that alter myo- 
- cardial oxygen consumption or coronary perfusion 
- were investigated by this technique and were 
— found to alter substantially the size of the zone of 
. myocardial damage. Despite its value in demon- 
— Strating alterations in the size of an ischemic zone 
I in the experimental situation, this technique is, of 


E 







. course, not applicable in patients outside of the 
— operating room. Accordingly, the present investi- 
_ gation was undertaken to develop a noninvasive 
- method for evaluating the size of the zone of isch- 
E emic injury. This technique was applied to a study 
ü of the effects of several pharmacologic and hemo- 
. dynamic influences on the size of this zone in the 
—— closed chest dog and then extended to an initial as- 
1  sessment of its applicability in patients with acute 
. myocardial infarction. 


Methods 


Experimental studies: Studies were carried out in 
15 dogs weighing between 18 and 22 kg and anes- 
thetized with sodium thiamylal (25 mg/kg body 
weight). Respiration was maintained with a Harvard 
respirator. The heart was exposed through a left tho- 
racotomy in the fifth intercostal space and suspended 
in a pericardial cradle, The left anterior descending 
coronary artery (LAD) or 1 of its branches was dis- 
sected from the adjacent tissues and either was fitted 
with a pneumatic cuff!? to permit intermittent occlu- 
sions or was occluded permanently with a ligature. 
The pericardial cradle was then released and the chest 
closed and attached to underwater drainage by means 
of a self-retaining catheter. Limb lead electrocardio- 
grams were taken in the standard fashion (Hew- 
. lett-Packard electrodes model 5721717, with Hewlett- 
Packard redux ereme). Fifteen precordial leads (Hew- 
lett-Packard model 14057) were placed in rows of 5 in 
the fourth, fifth and sixth left intercostal spaces be- 
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tween the midaxillary and the left parasternal lines 
and secured in a constant position by means of elastic 
straps (Fig. 1). These electrodes were attached to a 
switch box through the standard precordial unipolar 
lead. Arterial pressure was monitored with a Statham 
P23Db pressure transducer. 

The extent and magnitude of ischemic injury was 
assessed by indexes similar to those previously de- 
scribed for epicardial electrocardiography!!: the sum 
of S-T segment elevation in the 15 leads (XS-T) was 
used as an index of tissue injury (S-T elevation was 
expressed in mm, 1 mm = 0.1 mv), and the number of 
sites at which the S-T segment elevation exceeded 0.1 
mv (NS-T) was taken to reflect the extent of myocar- 
dial ischemic injury. The data were analyzed by the 
paired t test technique when the effects of various in- 
terventions on these 2 variables were determined in 
the same animal. 

In the first group of experiments, performed on 7 
dogs, intermittent 20 minute occlusions were carried 
out by inflating the pneumatic cuff. Successive occlu- 
sions were separated by at least 1 hour to ensure a re- 
turn to control conditions, The first occlusion was with- 
out any pharmacologic intervention. Five minutes be- 
fore the second occlusion, an infusion of isoproterenol 
(0.25 pg/kg per min) was begun and continued 
throughout the 20 minute period of occlusion. The third 
occlusion followed 5 minutes after the intravenous in- 
jection of propranolol (1 mg/kg). The classic electro- 
cardiographic limb leads and the 15 precordial leads 
were recorded before and 5, 10, 15 and 20 minutes 
after the onset of each occlusion. 


SWITCH BOX 







ECG RECORDER 





Figure 2. Schematic representation of the 35 electrode set 
on a patient's chest. 
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In the second. group of experiments, performed on 8 
dogs, the coronary artery was permanently ligated, and 


various interventions were subsequently carried out at 
intervals up to 6 hours. These included the infusion of 


isoproterenol (0.12 to 0.50 „g/kg per min, 5 dogs), 
norepinephrine (0.01 mg/kg per min, 3 dogs) and pro- 
pranolol (1 mg per kg, 5 dogs), and the induction of 
hemorrhagic hypotension (4 dogs). The 15 chest leads 
were recorded at intervals of 5 minutes. Arterial pres- 
sure was monitored continuously. 

Clinical studies: In 19 patients (11 male and 8 fe- 
male), precordial electrocardiograms were recorded 
with a 35 electrode blanket (Fig. 2). The electrodes 
(Hewlett-Packard model 14057, filled with Hewlett- 
Packard redux creme) were arranged in 5 horizontal 
rows of 7 leads each. The 5 horizontal rows were desig- 
nated by the letters A to E, with A the top and E the 
bottom row; the 7 vertical columns were designated 1 
to 7, with 1 the extreme right and 7 the extreme left 
vertical column. The top right electrode (A1) was 
placed in the second intercostal space at the right para- 
sternal line and in this way the bottom left lead (E7) 
was at or close to the sixth intercostal space at the 
midaxillary line. The distance between vertical columns 
1 and 2 was 7 cm, and between all of the other adja- 
cent vertical columns 4.5 cm. The distance between ad- 
jacent horizontal rows was 4 cm. The 35 electrodes 
were connected to a switch box that was in turn con- 
nected to the electrocardiograph through the “V” lead. 
The limb leads were connected in the usual fashion. 

The precordial electrocardiograms in patients were 
analyzed using the same indexes described for dogs: 
the sum of S-T segment elevations (XS-T), and the 
number of sites in which S-T segment elevations ex- 
ceeded 0.1 mv (NS-T). S-T segment elevations were 
always analyzed independently by 2 observers. Nine- 
teen patients who entered the coronary care unit and 
in whom the diagnosis of acute myocardial infarction 
was confirmed were studied 1 to 8 times, and a total of 
18 sets of electrocardiograms were recorded in them. 
The localization of the acute myocardial infarction in 
these 19 patients was as follows: anterolateral 11; 
anteroseptal 3; inferoposterior 2; anteroinferior 2; 
and inferior 1. 


Results 


Studies in Dogs 


Simple coronary occlusion: The average XS-T 
from the 15 precordial sites was 0 before occlusion 
and increased to 15.0 + 3.0 mm (SEM) 15 minutes 
after occlusion in 7 experiments. Similarly, the 
number of sites with S-T segment elevations ex- 
ceeding 0.1 mv (NS-T) increased from 0 to 4.2 + 
0.9 (Fig. 3). The most commonly altered leads 
were in the fourth and fifth intercostal spaces on 
the ventral surface, whereas the more dorsal leads 
generally remained normal, and served as control 
leads. 

Isoproterenol: Administration of isoproterenol 
(0.25 „g/kg per min) to 6 dogs increased the aver- 
age heart rate from 142 + 11 to 173 + 11 beats/ 
min, whereas mean arterial presure declined from 
122 + 8 to 109 + 7 mm Hg. The average 3S-T 15 
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Figure 3. Summary of the results in group 1 (intermittent 
coronary occlusion) (7 dogs). Changes in average ZS-T (left 
panel) and average NS-T (right panel) 15 minutes after oc- 
clusion alone (bars at left), after occlusion during infusion of 
isoproterenol (middle bars) and after occlusion after admin- 
istration of propranolol (bars at right). Brackets indicate +1 
SEM. 





minutes after occlusion increased from 15.0 + 3.0 
mm after simple occlusion to 51.0 + 9.0 mm (P 
<0.01) after an occlusion in the presence of iso- 
proterenol, and NS-T rose from 4.2 + 0.9 to 10.6 
+ 0.9 (P <0.01) (Fig. 3 to 5). Isoproterenol (0.12 
to 0.5 „g/kg per min) was also administered on 7 
occasions to 5 dogs in the second group at intervals 
up to 6 hours after a continuously maintained 
coronary occlusion. Within 10 minutes of the on- 
set of isoproterenol infusion average XS-T in- 
creased from 7.5 + 6.0 to 30.0 + 12.0 mm (P 
<0.05) and NS-T from 2.2 + 1.7 to 7.8 + 1.7 (P 
<0.05). In 3 animals in which there was no S-T 
segment elevation in any precordial lead after oc- 
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Figure 4. An example from an experiment in group 1 show: 
ing the effects on ZS-T of a simple occlusion, occlusion 
during infusion of isoproterenol and occlusion after admin 
istration of propranolol. Minutes — minutes after coronary 
occlusion. NS-T is indicated by the numbers over the ZS-1 


points at each time. 
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Figure 5. Schematic representation of S-T segment eleva- 
tion in each of the 15 precordial sites after occlusion alone, 
occlusion during the infusion of isoproterenol and occlu- 
sion after administration of propranolol. Insert is sche- 
matic representation of the heart showing occlusion of the 
apical branch. (The experiment depicted is the same as in 
Fig. 4.) 


clusion, the administration of isoproterenol in- 


duced S-T segment elevation (Fig. 6). In these 3 
dogs this evidence of injury could be completely 
reversed by administration of 1 mg/kg of pro- 
pranolo! (XS-T decreased from an average of 24.0 
to 0 mm, and NS-T from 8.3 to 0). 

Propranolol: The administration of propra- 
nolol (1 mg/kg) to 6 dogs in group 1 decreased 
the average heart rate from 150 + 7 to 137 + 10 
beats/min, whereas mean arterial pressure re- 


. mained unchanged at an average level of 125 + 6 
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mm Hg; 3S-T decreased from 15.0 + 3.0 after 
simple oeclusion to 3.0 + 1.5 mm after occlusion 
with propranolol (P <0.01) and NS-T decreased 
from 4.2 + 0.9 to 0.2 + 0.2 (P <0.01, Fig. 3 to 5). 


60 


45 


30 


[C] HEMORRHAGE 
= VOREPINEPHRINE 


EE] REINFUSION 





1 2 3 4 5 
TIME (hours) 
Figure 7. Experiment from group 2. The effects of hemor- 
rhage, norepinephrine and reinfusion on =S—T are shown 
successively. AP — mean systemic arterial pressure. 
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Figure 6. Experiment from group 2 (animals with perma- 
nent coronary occlusion). The S-T segment elevation de- 
creased spontaneously but reappeared with infusion of iso- 
proterenol (ISO). This S-T segment elevation could be re- 
versed by infusion of norepinephrine (NOR) (0.01 mg/kg 
per min), which increased mean arterial pressure from 104 
to 125 mm Hg (4 hours after occlusion) or by administration 
of propranolol (PROP) (1 mg/kg) 414 hours after occlusion. 


In 5 animals in group 2 propranolol was given 
from 1 to 514 hours after a continuously main- 
tained occlusion, and in all cases within 10 mirutes 
of its administration there was a striking fall in 
XS-T and NS-T; the average XS-T fell from 42.0 
+ 13.5 to 24.0 + 13.5 mm (P « 0.05) and the aver- 
age NS-T from 10.2 + 1.2 to 5.4 + 2.1 (P «— 0.05). 
These decreases were also observed when the area 
of injury was maintained by continuous isoprote- 
renol infusion (Fig. 6). 

Norepinephrine: In 4 dogs (3 in group 2 and 
1 in group 1), administration of norepinephrine 
(0.01 mg/kg per min) was begun at various times 
up to 4 hours after occlusion; mean arterial pres- 
sure increased from an average of 68 to 122 mm 
Hg, and heart rate decreased from 155 to 145 
beats/min. The average value for XS-T fell from 
33.0 = 13.5 to 7.5 + 3.0 mm (P <0.05) and for 
NS-T from 7.0 + 2.3 to 3.7 + 0.8 (P <0.01) (Fig. 
6 and 7). 

Hemorrhagic hypotension: In 5 dogs (4 in 
group 2 and 1 in group 1), hemorrhagic hypoten- 
sion was produced by arterial bleeding; mean ar- 
terial pressure decreased from 114 to 64 mm Hg, 
whereas average heart rate remained unaltered 
(Fig. 7). In all instanees XS-T increased, from an 
average of 18.0 + 6.0 to 55.5 + 6.0 mm (P —0.01), 
and NS-T increased from 6.0 + 2.1 to 11.0 + 0.8 
(P <0.05). Reinfusion in 2 experiments raised 
mean arterial pressure from 40 and 50 to 95 and 
135 mm Hg, respectively, and decreased XS-T 
from 66.0 and 52.5 to 28.5 and 10.5 mm, respec- 
tively, whereas NS- T fell from 11 and 13 to 8 and 
1, respectively. 


Clinical Studies 


Measurements of XS-T in the precordial trac- 
ings varied within 3 percent between the 2 observ- 
ers, and their recorded values of NS-T were iden- 
tical. In 6 patients who were in a stable state the 
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Figure 8. Fall in the sum of S-T segment elevation in 24 
hours. EST, = the sum of S-T segment elevation on the 
first day; STi = the sum of S-T segment elevation 24 
hours later. The solid line is the regression line, and the 
dashed line is the identity function. 


multielectrode blanket was positioned on the pa- 
tient's chest and a precordial electrocardiographic 
map was recorded; the blanket was removed and 
15 minutes later replaced on the patient's chest 
and the map rerecorded ; the maximal difference in 
XS-T and NS-T between duplicate measurements 
was 5 percent. 

Serial studies were carried out only in the 15 
patients with acute infarcts involving the antero- 
septal and the anterior and lateral walls of the left 
ventricle, that is, patients in whom the area of S-T 
segment elevation could be covered by the elec- 
trodes within the blanket. The first observation 
was made within 24 hours after the patient's ad- 
mission and the second on the following day ; dur- 
ing this interval XS-T decreased from 54.25 + 
7.00 to 38.50 + 6.30 mm (P <0.01), a decline of 
29 percent, and NS-T decreased from 18.7 + 2.5 
to 12.3 + 2.8 (P <0.01) in 24 hours. The relation 
between XS-T on the first day (XS-T;) and on the 
second day (XS-T;;) could be expressed as follows: 
3S- Ta = 0.8549 xS-T, — 7.98, r = 0.94 (Fig. 8). 

In 3 other patients there was an increase in the 
intensity and extent of ischemic injury. In the first 
patient, after a recurrent bout of pain of myocar- 
dial ischemia, XS-T increased from 59.5 to 80.5 
mm and NS- T from 20 to 33 (Fig. 9, A and B). In 
the second, a patient with chronic systemic arte- 
rial hypertension, a reduction in arterial pressure 
from 170/130 to 130/90 mm Hg induced by intra- 
venous hydralazine increased XS-T from 49 to 70 
mm and NS-T from 22 to 27. In a third patient, 
after an episode of ventricular fibrillation, XS-T 
inereased from 17 to 42 mm and NS-T from 5 to 
14. On the other hand, 1 patient was given pro- 
pranolol (5 mg intravenously) as an antiarrhyth- 
mic agent; XS-T decreased from 91.0 to 42.0 mm 
and NS-T from 29 to 17 within 1 hour, whereas 
the heart rate decreased from 145 to 100 beats/ 
min (Fig. 10). 
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Figure 9. A, 35 precordial electrocardiograms and frontal 
plane leads in a patient with an acute myocardial infarction. 
B, the electrocardiographic map in the same patient on the 
following day, after the development of another episode of 
pain of myocardial ischemia. 
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Figure 10. The influence of propranolol on S—T segment 
elevation in a 50 year old man with acute myocardial in- 
farction. Column 1, immediately before administration of 
propranolol; column 2, 1 hour after administration (5 mg 
intravenously). 


Discussion 


With the ability to detect and treat successfully 
most primary arrhythmias in the coronary care 


. unit, increasing attention is being directed to the 
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detection and treatment of pump failure, now by 
far the most common cause of in-hospital death in 
patients with acute myocardial infarction. In re- 
cent years considerable effort has been directed to 
monitoring hemodynamic changes in patients with 
acute myocardial infarction, and hemodynamic 
findings have been used to establish prognosis and 


thereby to modify treatment.!*!5 Pump failure re- 


sults primarily from ischemic loss of normally con- 
tractile myocardium, and at postmortem examina- 
tion, patients who succumb to cardiogenic shock 
uniformly show massive areas of infarction.!9 


Therefore, it is of critical importance to find ways 


to assess changes in the extent of ischemic injury 
and to reduce it. The latter may be accomplished 
(1) by lowering myocardial needs for oxygen in 
areas of heart muscle in which perfusion has been 
markedly reduced by coronary occlusion but is not 
totally absent, or (2) by increasing the delivery of 
oxygen to such areas. 

Recently we have shown by means of epicardial 
electrocardiography that profound alterations in 
the area of ischemic injury can be produced by 
hemodynamic and pharmacologic interventions 
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that alter myocardial oxygen consumption or coro- 
nary perfusion pressure. The area of ischemic 
injury detected by epicardial leads may be used to 
predict the extent of necrosis quantitatively re- 
flected by myocardial creatine phosphokinase de- 
pletion!! and by histologic changes!” 24 hours after 
occlusion. Obviously, this epicardial technique can 
be applied clinically only in the setting of the op- 
erating room," and the present investigation was 
undertaken to develop a method of assessing myo- 
cardial injury which is clinically applicable. 

Although the localization of an acute myocardial 
infarction is accomplished by the analysis of the 
distribution of S-T segment elevations in the 12 
lead electrocardiogram,'? the recognition and lo- 
calization of some infarcts involving the basal por- 
tions of the lateral wall of the left ventricle,!5 or 
of the posterior wall,? require special leads. These 
leads should be recorded from intercostal spaces 
more cephalad than usual, in the case of high lat- 
eral infarcts,!5 and from multiple locations on the 
back and the right hemithorax for posterior in- 
farcts.!? This procedure is based on Wilson's con- 
cept?? that the chest leads constitute *semi-direct" 
measurements of the electrical events of the im- 
mediately underlying myocardium. According to 
this theory, localized S-T segment changes on the 
epicardium are reflected in corresponding changes 
on the thoracic surface. The technique of precor- 
dial mapping utilized in the present investigation 
extends this principle, previously used for diagno- 
sis and localization of cardiac damage, to an esti- 
mation of changes in the size of the zone of isch- 
emic injury. This method appears to make it pos- 
sible to determine the effects of alterations of the 
hemodynamic state or of pharmacologic agents on 
the extent and severity of such injury, and it opens 
the possibility of immediately assessing the benefi- 
cial or deleterious effects of different modes of 
treatment on the ischemic zone at the patient's 
bedside. 

Previous studies with multiple bipolar chest 
electrode techniques have been used to examine 
the electrophysiologic phenomena of impulse 
transmission and voltage distribution.?'?? The 
present unipolar technique does not offer such 
means of analysis; rather, its only aim is to screen 
and monitor the extent of ischemic injury in the 
clinical setting; however, it is similarly based on 
the multipolar concept. 

Effect of pharmacologic and hemodynamic inter- 
ventions on extent and severity of ischemic Injury: 
Using the thoracic mapping method in closed chest 
dogs, isoproterenol increased XS-T by 340 percent 
and NS-T by 250 percent, values comparable to 
those observed when epicardial methods were em- 
ployed to assess the effects of this drug. It was 
also observed that, whereas isoproterenol infusion 
and arterial hypotension increased the extent and 
severity of ischemic injury, propranolol exerted 
the opposite effect. The action of isoproterenol re- 
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sulted presumably from an increase in oxygen re- 
quirements of inadequately perfused areas of myo- 
cardium, whereas it seems likely that the effect of 
propranolol resulted from a reduction in myocar- 
dial oxygen needs. Hypotension exerted an effect 
similar to isoproterenol, probably by further re- 
ducing the perfusion of this critical zone and 
thereby augmenting the unfavorable balance be- 
tween myocardial oxygen supply and demand. 
Norepinephrine decreased the area of injury, pre- 
sumably because the augmented myocardial perfu- 
sion resulting from increased coronary perfusion 
pressure increased oxygen delivery more than this 
drug stimulated myocardial oxygen consumption. 

These interventions in experimental animals 
were applied before as well as up to 6 hours after 
coronary occlusion. They exerted similar effects in 
all of these studies, thereby demonstrating the 
feasibility of altering the extent and severity of 
ischemic injury a number of hours after a coro- 
nary occlusion. These studies have particular clini- 
cal relevance, since they deal with the period when 
most patients with acute myocardial infarction 
have already reached the coronary care unit. 

The instances of coronary occlusion in animals 
without S-T segment elevation were of particular 
interest. These dogs presumably possessed suffi- 
cient collateral circulation to provide adequate 
oxygenation of the myocardium distal to the ob- 
structed vessel. However, even in these animals, 
the administration of isoproterenol induced the 
appearance of a zone of injury, thereby suggesting 
that the increases in oxygen demands provoked by 
the positive inotropic and chronotropic effects of 
isoproterenol produced ischemia in myocardium 
perfused only by collateral vessels. This deleteri- 
ous action of isoproterenol could be reversed by 
beta adrenergic blockade with propranolol. 

Clinical implications: The data obtained from 
patients with acute myocardial infarction with the 
35 lead precordial map permitted study of the nat- 
ural course of changes in S-T segment elevation, 
and in several instances observation of the effects 
of hemodynamic changes or of drug administra- 
tion on the severity and extent of myocardial in- 
jury. It was observed that in the clinical setting 
the technique is adequately reproducible and 
shows little interobserver variation. In patients 
with uncomplicated myocardial infarcts the de- 
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crease in XS- T during the course of 24 hours was 
found to average 29 percent. However, in indi- 
vidual patients XS- T and NS-T were found to in- 
crease as a consequence of arterial hypotension, 
after recurrence of ischemic chest pain, and after 
ventricular fibrillation and in 1 instance to de- 
crease strikingly after propranolol administration. 
Although the number of patients with acute myo- 
cardial infarction in whom hemodynamic changes 
occurred or in whom the effects of drug adminis- 
tration were studied is very limited, all of the ob- 
servations are in accord with those made initially 
in open chest dogs!! and with those reported here 
in the closed chest dogs. A systematic examination 
of the effects of several of these influences on S-T 
segment precordial maps of patients with acute 
myocardial infarction currently is under way. The 
present study included only patients with antero- 
septal, extensive anterior, lateral and high lateral 
infarcts. In addition, patients with “true” pos- 
terior wall infarcts were also diagnosed and 
screened by putting the blanket on their back. 
However, this method is not useful in patients 
with inferior wall infarcts. 

In conclusion, the recording of S-T segments 
from multiple thoracic leads provides a noninva- 
sive technique for monitoring changes in the area 
of ischemic injury in closed chest dogs undergoing 
experimental coronary occlusion as well as in pa- 
tients with acute myocardial infarction. This mea- 
surement enabled us to extend the information 
previously obtained in open chest dogs and to ob- 
serve in closed chest dogs that the extent and mag- 
nitude of ischemic injury change in accordance 
with the balance between oxygen supply and de- 
mand for at least 6 hours after coronary occlusion. 
Finally, observations in patients indicate that a 
predictable reduction in the magnitude of S-T 
segment elevation occurs with time and suggest 
that influences that affect the magnitude of ische- 
mic injury in the experimental animal are also 
operative in patients with acute myocardial infarc- 
tion. 
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The Role of Viruses in the Production of Heart Disease 


Clinical and experimental evidence for the role of viruses in the pro: 
duction of heart disease in man is reviewed. The data indicate thal 
viral myocarditis, viral endocarditis, viral pericarditis and viral pan: 
carditis are true entities that must be considered by clinicians in diag: 
nosis and treatment of patients. It is suggested that viruses may be 
involved in the production of chronic heart disease and that “‘con- 
ditioning" factors possibly including streptococcal infections are 
important, both in the original infection and in activation of latent 
or dormant viruses. Viral infections may be responsible for much 
heart muscle disease, that is, cardiomyopathy, as well as for ''rheu: 
matic heart disease" of undetermined origin. The role of viruses, 
particularly rubella and Coxsackie, in the production of congenital 
heart disease is emphasized. Conceivably, viral infection acquired in 
utero might produce heart disease later in life. Many viruses are 
known to cause clinical pericarditis, some followed by chronic con- 
striction. A possible role of viruses in the production of the post- 
pericardiotomy syndrome or cardiac causalgia is suggested. 

Measures for the prevention of viral heart disease and methods of 
treatment, with particular emphasis on prolonged bed rest, are dis- 
cussed. The need for laboratory facilities for routine viral studies is 
stressed. 


It is well established that viruses cause heart disease in man.) 
However, precisely how and the extent to which viruses cause 
cardiovascular disease in man need investigation. The purpose of 
this brief review is to examine some of the present clinical and 
experimental evidence of the role of viruses in the production of 
heart disease in man and to indicate the significance of viral heart 
disease in medicine. 


Concepts and Mechanisms of Viral Heart Disease 


Broad concepts of the nature of viral infections are necessary 
to appreciate fully the possible role of viruses in the production 
of heart disease? (Fig. 1). For example, it must be realized that 
most viral infections are not clinically recognizable, that is, they 
are subclinical infections and include infections by slow or dor- 
mant viruses. Moreover, when a clinically apparent infection does 
occur, it may present a variety of pathologic and symptomatic 
manifestations; for example, the same enterovirus may produce 
all or only 1 of the following: rash, meningitis, gastroenteritis, 
"common cold," or myocarditis. 

Mechanisms by which viruses might produce myocardial dis- 
ease include direct invasion of the myocytes by the virus, involve- 
ment of the central nervous system with secondary myocardial 
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damage, disturbances in cellular metabolism, dis- 
. turbances of vascular supply to the myocytes, and 
possible elaboration of toxins and antigen-anti- 
body reactions, that is, “allergic” or “autoimmune” 
> phenomena. 5 
Hypersensitivity reactions: “Allergic” or “au- 
 toimmune" reactions to viruses or following viral 
infections and tissue destruction are of theoretical 
. interest in the production of many diseases includ- 
ing viral heart disease? Evidence for such re- 
actions is inadequate to establish fully such con- 
. cepts, However, it has been postulated that infec- 
tion and initial proliferation of the virus are fol- 


F lowed by a latent period after which lesions are 
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produced which resemble hypersensitivity reac- 


— tions.? The infecting organism cannot be recovered 
. from these postinfectious lesions which differ his- 
—. tologically from lesions that occur during the ini- 


4s 


‘a 
3 
E 
E 
E 
T 
Cs 
K^ 


E. 
E 
R 
S 


tial infection. These hypersensitivity reactions are 
generally of the “delayed” type, that is, dependent 
on cellular immune mechanisms. The possibility 
exists that such immune processes might continue 
. after the viral infection of the heart and in turn 
produce chronic myocardial injury, for example, 
. chronic cardiomyopathy. ? The finding of virus-like 


particles in germ-free NZB mice indicates that 
. such mice may provide an animal model for the 


study of the possible role of viruses in autoimmune 
disease.* 


Conditioning factors: The possibility for la- 


. tent or slow viruses to produce disease is consider- 


able. Such viruses lie dormant in certain areas of 


the body only to become apparent when appropri- 
ately stimulated or when conditioning factors pre- 
sent themselves. For example, the virus of herpes 
simplex may produce disease (“fever blisters”) 
when stimulated by fever, emotional stress, ma- 
laria, pneumococcic pneumonia or solar trauma. 
The roles of mixed viral and bacterial infections 
in the production of disease have recently been 
reviewed by Loosli!® and others.!!:? In certain sit- 
uations virus and bacteria may act synergistically 
or through still obscure conditioning mechanisms 
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to produce more extensive disease together than 
either agent would produce alone. In some in- 
stances one disease-producing agent, such as a bac- 
terium, may have to be present in order for infec- 
tion to occur with the other, e.g. a virus.!? In fact, 
bacteria may contain virus pathogenic for man. 

The importance of “conditioning factors" in the 
initiation of viral disease must also be appreciated. 
Experimental evidence for the role of conditioning 
factors in the production of viral myocardial dis- 
ease has been presented by Pearce,? who found 
that myocarditis produced in rabbits by virus III 
could be greatly increased in incidence and se- 
verity by physically traumatizing the myocardium 
with a needle puncture. Other conditioning factors 
include alcohol, pregnancy, malnutrition, steroids, 
ionizing radiation and heat. None of these or other 
such factors have received sufficient attention with 
respect to man. The effects of exposure to cold 
and humid weather, or drafts, or becoming chilled 
on the production of respiratory tract infections 
with both bacterial and viral agents are well 
known and aecepted by laymen, if not by all micro- 
biologists. 

Viral infections acquired in utero: Viral infec- 
tions occurring in utero produce a significant 
amount of heart disease. For example, the rubella 
virus is known to produce congenital cardiac dis- 
ease, as well as other anomalies, when infection oc- 
curs during the early embryonic stage of develop- 
ment.!* The same has been found to be true for 
Coxsackie viruses,!5-!* whereas other viruses seem 
to be less cardiotropic in this respect. 

When infection occurs after the heart is formed, 
only neonatal inflammatory myocardial disease oc- 
eurs, Even more intriguing is the possibility that 
viruses acquired in utero might lie dormant in the 
myocardium only to become activated later in life 
by proper and potent conditioning factors to pro- 
duce clinical cardiac disease of many types.!* 
Transmission of viruses by gametes and geneti- 
cally determined conditioning factors and the type 
of diseases that might be produced are uncharted 
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fields of study. There must be many unknown car- 
diotropie viruses peculiar to certain areas of the 
world and infectious for specific animal species. 
The incidence of stillbirths secondary to viral 
heart disease in the fetus remains to be deter- 
mined. The Coxsackie virus in pregnant mice not 
only produces acute myocarditis in the fetus which 
resembles Fiedler's myocarditis but also produces 
stillbirths (unpublished data). 

Clinical classification: The clinical classifica- 
tion of viral diseases of the heart into those in- 
volving the pericardium, myocardium, endocar- 
dium or all layers of the heart simultaneously is 
purely arbitrary since is it likely that in any given 
patient with viral heart disease, some virus may 
be found in the cells of all cardiac layers simul- 
taneously. For example, in clinical viral pericardi- 
tis, the electrocardiographic changes are due to 
involvement of the myocardium by the disease 
process and not to the pericarditis itself. Thus, 
myopericarditis has been suggested as an encom- 
passing term for Coxsackie infections that involve 
the myocardium or pericardium or both. Separa- 
tion of viral diseases of the heart into acute and 
chronic is also arbitrary. There is a tremendous 
overlap between these disease categories. For ex- 
ample, any acute infection probably causes perma- 
nent changes in the myocardium even though these 
may be subtle and result in no clinically detectable 
cardiac disease. However, acute viral infections 
of the heart may persist and produce chronic heart 
disease (Fig. 1). In some instances the initial tis- 
sue destruction and subsequent healing process 
alone are enough to result in chronic myocardial 
dysfunction. 

Because the usual classification of viral heart 
disease is clinically convenient, the viral diseases 
to be discussed are considered accordingly. The 
signs and symptoms of the various types of viral 
heart disease are not discussed in detail except 
those which, in our opinion, are not generally ap- 
preciated. 


Clinical Considerations 


The diagnosis of viral heart disease in man is 
usually entirely indirect, that is, obtained by clini- 
cal logic. The clinical findings, isolation of the 
virus from the stool, pharyngeal washings and 
other body fluids, and change in specific viral anti- 
body titre all contribute to establishing a clinical 
diagnosis. Regardless of whether the final clinical 
diagnosis is that of pericarditis, myocarditis, endo- 
carditis or pancarditis, the patient often gives the 
history of a preceding, nonspecific febrile illness, 
usually upper respiratory. In certain viral infec- 
tions the initial clinical findings may be sufficiently 
typical to make a diagnosis of viral nasopharyngi- 
tis, tonsillitis, paranasal sinusitis, mumps, or the 
like. Unfortunately, unless the disease is a well 
known viral disease, such as mumps or measles, 
the clinician too often assumes an upper respira- 
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tory tract infection to be bacterial. Because clini 
cians can isolate bacterial agents with ease, thej 
may fail to realize that an attempt to isolate vi 
ruses has not been made. Moreover, bacteria cal 
be isolated from a normal throat, sinuses or nares 
Thus, the mere isolation of bacteria does not nec 
essarily indicate the absence of pathogenic vi 
ruses or eliminate the possibility that both viru: 
and bacteria are acting in a necessary correlate 
fashion to produce the patient's illness. 

In some patients cardiac involvement may bi 
evident at the start of a viral illness, but ther 
is usually a latent period of several days durin; 
which the patient is asymptomatic. This interva 
is then followed by clinical evidence of cardiac dis 
ease as manifested by the well known symptom: 
and signs of pericarditis, myocarditis or endocar 
ditis, alone or in combination. Thus, because o: 
such temporally related phenomena, the physicia 
and others have difficulty relating an infection 
regardless of type, to the cardiac disease. Vira 
diseases often produce a leukocytosis instead o; 
the usually expected lymphocytic response. 

The electrocardiogram of patients with vira 
heart disease may show classic changes of acuti 
pericarditis, or the changes may be nonspecifi 
with T wave inversion, S- T segment abnormali 
ties, various types of atrioventricular conductioi 
disturbances or, occasionally, patterns that re 
semble electrocardiographic changes of myocardia 
infarction due to electrical silence produced b) 
fairly large isolated areas of myocardial damage. 


Pericarditis 
Table I lists the various probable and possibl 
viral causes of acute pericarditis. 


Idiopathic Pericarditis 


Christian in 1951 wrote the following abou 
idiopathic pericarditis: “However, the word, idio 
pathic, probably is not justified. It simply mean 
that the exact cause is not known.” He then added 
“Very possibly, under the conditions cited, th 
cause is a virus."!5 Since 1951 many specifi 
viruses have been isolated that produce acut 
“idiopathic” pericarditis.'? Because the clinica 
picture of “idiopathic” pericarditis is often pre 
ceded by a respiratory-like infection,???! studie 
have been conducted in search for specific respira 
tory viruses in sporadic cases,?'?? often with a low 
yield.2! However, such results should be expecte: 
not only because viruses are difficult to isolate bu 
because one usually finds only that for which on 
searches. For example, when a special effort wa 
made to isolate Coxsackie viruses in patients wit 
idiopathic pericarditis,” a large number of thes 
viruses were found. Therefore, it is likely tha 
viruses cause most, if not all, acute “idiopathic’ 
pericarditis. Unfortunately, it often requires al 
exhausting search to find the specific etiologi 


agent from among the 400 or more current] 


known viruses. Nevertheless, such a search shoul 
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TABLE | 


Some Viruses That Cause Heart Disease in Man 
ET ES on E iC RIDE LS SEF EL ue Se 
Disease Virus 

COT Me LUE UNIS, SEE RE SI GU NR ORA OL, Sod WA 24 2 OR AS LR 
Pericarditis Coxsackie (B and A) 

ECHO 

Mumps 

Chickenpox (herpes zoster) 

Herpes simplex 

Poliomyelitis 

Influenza 

Adenovirus 

Infectious mononucleosis 

Coxsackie (B and A) 

Poliomyelitis 

Influenza 

Adenovirus 

ECHO 

Cytomegalovirus 

Rubeola 

Rubella 

Chickenpox (herpes zoster) 

Rabies 

Hepatitis, infectious 

Smallpox 

Yellow fever 

Lymphocytic choriomeningitis 

Epidemic hemorrhagic fever 

Coxsackie (B and A) 


Myocarditis 


Endocarditis 





not only be possible but required for elegant car- 
diologie practice. 


Viral Causes of Pericarditis 


Coxsackie viruses: Of all viruses, the Coxsackie 
B group has been most firmly linked with clinically 
evident pericarditis®*; however, Coxsackie A 
viruses have also been found to produce pericardi- 


. tis. By 1964, more than 50 cases had been reported 
— with laboratory evidence for a Coxsackie B viral 
. origin. The most convincing evidence for the 
= Coxsackie viral origin of pericarditis is found 
. when isolation of the virus from the feces or peri- 


cardial fluid, or both,?* is accompanied by diagnos- 
tie increases in neutralizing antibody titer, com- 
mon findings during epidemics of Coxsackie infec- 


- tion.?2* With use of the immunofluorescent tech- 


nique, Coxsackie B, antigen was found at necropsy 
within the pericardium of a patient who had clini- 


cal and histologic evidence of pericarditis, provid- 


. ing additional direct evidence that the Coxsackie 


viruses can infect the pericardium.?? Experimen- 
tally, Coxsackie virus B, infection produces epi- 
myocarditis with pericarditis in cynomolgus 
monkeys?’ (Fig. 2) and in mice.*! 

EB virus: Infectious mononucleosis has long 
been considered a viral illness. However, only re- 
cently has evidence for the existence of the etio- 
logic viral agent been found. The EB (Epstein- 
Barr) virus, a herpes-like virus, is now accepted as 
the probable etiologic agent.? Acute pericarditis 
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was first associated with infectious mononucleosis 
by Evans and Graybird in 1946.?? Since that time 
many such associations have been recorded. 


Influenza and other viruses: Pericarditis has 
been described in patients infected with influenza 
B virus.?? Influenza A, Asian type, virus was re- 
covered from the pericardial fluid of a patient with 
pericarditis and a history of “rheumatic” heart 
disease who, at necropsy, had an increase in inter- 
stitial connective tissue and Aschoff bodies.2> In 
another patient with pericarditis, influenza virus 
A» was isolated from the pericardial fluid.?9 Evi- 
dence for ECHO viral origin of acute pericarditis 
was found when the virus was isolated from fecal 
material in association with a rise in specific neu- 
tralizing antibody titer.2! Acute pericarditis sec- 
ondary to mumps has been reported, but not with 
recovery of the virus.?'?* A patient with pericardi- 
tis and chickenpox has been described??? Many 
other viruses!? (Table I), and probably some as 
yet undiscovered, produce pericarditis. It is obvi- 
ous that, until proper laboratory facilities are gen- 
erally available for the diagnosis of viral diseases, 
isolation of the specific viral etiologic agent in a 
patient with pericarditis will be a formidable task. 


Pericarditis of Possible Viral Cause 


An interesting febrile illness, which is associ- 
ated with pericarditis and follows cardiac sur- 
gery, is the so-called postpericardiotomy syn- 
drome.?? The possibility that this syndrome might 
be the result of a de novo viral infection has been 
suggested.4?^*! However, another possible explana- 
tion is the activation of dormant, latent or slow 
virus by the trauma of cardiac surgery.*?? Myocar- 
dial infarction is also followed frequently by a 
syndrome resembling acute or mild idiopathic 
pericarditis. We have termed these syndromes car- 
diac causalgia major or minor. One might specu- 
late that viruses play a role in the production cf 
these syndromes since the infarcted area might be 
conducive to viral infection*® or because latent, 
dormant or slow viruses might become activated. 
Diseases of unknown origin in which pericarditis 
may be a prominent part of the clinical findings, 
for example, systemic lupus erythematosus, may 
also prove to be viral in origin. 


Chronic Pericarditis 


In most patients the prognosis after viral peri- 
carditis is excellent**; nevertheless, chronic con- 
strictive pericarditis has been shown to follow 
proved viral? as well as “idiopathic” pericardi- 
tis.5555 Therefore, in patients with constrictive 
pericarditis of “unknown” origin, consideration 
should be given to a possible viral cause. 


Viral Myocarditis 
Saphir*' recognized that, although myocarditis 
was found in many patients at autopsy, the diag- 
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nosis of myocarditis was not often made before 
death. The clinical interest in viruses as a cause of 
myocarditis has increased over the past 10 to 15 
years. A large number of viruses are now known 
to be capable of producing myocarditis.'?** How- 
ever, only a few viruses are known to be highly 
cardiotropic for man. These cardiotropic viruses 
may serve as a prototype for other viral infections 
of the myocardium and should stimulate interest 
in viral etiology, not only of myocardial disease 
and various clinical expressions of cardiomyop- 
athy, but also of many other lesions of the heart. 


Coxsackie Viral Myocarditis 


Since 1947, when the Coxsackie viruses were 
discovered by Dalldorf and Sickles,‘ there has 
been much interest in the Coxsackie viruses as 
causes of heart disease.539505! In 1952, the Cox- 
sackie virus was first isolated from myocardial tis- 
sue of infants who died of acute myocarditis.” 
Many other reports of myocarditis in infants due 
to Coxsackie viral infections have since appeared. 
However, it was not until 1957 that Coxsackie 
viruses were shown to produce myocarditis in 
adults.5 The clinical findings have been briefly de- 
scribed herein and in detail elsewhere.* 

Both Coxsackie A and B viruses cause myocar- 
ditis. However, there are only 6 known serotypes 
of Coxsackie B viruses compared to 24 of Cox- 
sackie A, which may explain why heart disease sec- 
ondary to Coxsackie B is reported more frequently 
than that secondary to Coxsackie A viruses. Also, 
Coxsackie A virus is difficult to isolate in routine 
tissue culture. 

Incidence: Although the exact incidence of 
myocardial disease produced by Coxsackie viruses 
is unknown, up to 39 percent of cases of unex- 
plained myocarditis and pericarditis have been at- 
tributed to Coxsackie B viral infections.*?? It has 
been pointed out that some of the remaining cases 
are likely due to Coxsackie A viral infections. This 
highly cardiotropic and prevalent group of viruses 
thus provides an etiology for a large amount of un- 
explained heart disease in man.* Outbreaks of 
Coxsackie viral infection have already revealed 
that a large number (33 percent) of patients will 
develop some form of myocardial disease™ as a re- 
sult of the infection. 

Because evidence of Coxsackie B viral myocar- 
ditis was found in 30.9 percent of routine post- 
mortem specimens using the immunofluorescent 
technique, the incidence of clinically undetected 
Coxsackie viral heart disease is probably high. 
How many of these patients had active myocardial 
infection and how many merely had dormant vi- 
ruses present from previous infections were not 
determined. When the hearts of 50 infants and 
children were examined at routine necropsy using 
similar methods, 29 were found to have interstitial 
myocarditis. Twelve of the 29 (41 percent) were 
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Figure 2. Photomicrograph showing pericarditis in a cyno- 
molgus monkey following infection with Coxsackie virus B, 
(hematoxylin and eosin x; 450, reduced by 11 percent.) 


found to be associated with Coxsackie B viral anti- 
gens.!$ 

Experimental myocarditis: Numerous studies 
in experimental animals confirm the highly car- 
diotropic nature of Coxsackie viruses. All suckling 
mammals, including man, are highly susceptible to 
the virus. Virus multiplication was found in the 
heart as well as other tissues of newborn mice” 1 
day after inoculation with Coxsackie B virus 
(Connecticut-5 strain). Studies in mice using Cox- 
sackie B, virus (Nancy strain) as the infective 
agent indicated that the myocardial damage seen 
in such infections is produced by viral multiplica- 
tion within myocytes.** “Conditioning factors,” 
such as roentgen irradiation, anoxia, steroids and 
various types of myocardial injury, increased sus- 
ceptibility to infection and tissue injury by Cox- 
sackie group B viruses. Exercise produced simi- 
lar results in adult mice inoculated with Coxsackie 
virus A9.55 

In mice infected with Coxsackie virus B,, ultra- 
structural changes of the myocardial cell were 
seen, which consisted of cellular shedding, mem- 
branous damage, vesicle complex formation, dis- 
appearance of Golgi body, nuclear shrinkage and 
densification of chromatin and an increase in ribo- 
.somal population. These changes are similar to 
those observed in tissue cultures infected with vi- 
rus.? In addition to myocardial cellular changes, 
damage to the myocardial capillaries occurred in 
mice infected with Coxsackie virus B,®! as well as 
nonspecific changes characteristic of cellular in. 
jury. The virus was located within the myocar. 
dium both by immunofluorescent technique?! anc 
by electron microscopy using ferritin-labeled anti- 
bodies.*? 

The production of Coxsackie viral myocarditis 
in adult mice without the use of conditioning fac- 
tors,58 as well as in young cynomolgus monkeys 
and chimpanzees, has been extremely interesting 
Coxsackie virus B, obtained from the heart of ar 
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Figure 3. Photomicrograph of myocardium obtained from a 
cynomolgus monkey 185 days following intravenous inocu- 
. lation with Coxsackie virus B, showing myocarditis and an 
Aschoff-like body with A-nitschkow myocytes (arrows). (He- 
matoxylin and eosin x; 450, reduced by 121% percent.) 


| infant who died of myocarditis® was administered 


. intravenously to 9 healthy cynomolgus monkeys.“ 


After infection, 8 monkeys had myocarditis and 6 
had virus recultured from the heart. In another 


_ group of cynomolgus monkeys infected with Cox- 


sackie B, virus, histologic lesions resembling those 

characteristic of “rheumatic fever" were seen?? 
(Fig. 3). Thus, it has been clearly shown that the 
Coxsackie viruses produce active myocarditis in 
man and animals. 


. Influenza! Myocarditis 


There can be little doubt that influenzal viral 
infection can produce clinically evident myocardi- 
tis and that influenzal myocarditis may occur as a 
complication of other types of heart disease.9599 In 
some instances the virus has been isolated from 
the myocardium.’ We have recently seen a patient 
with ischemic heart disease who died after an ill- 


= mess compatible with influenza and in whom the 
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Figure 4. Photomicrograph showing inflammation of the 
mitral valve of a cynomolgus monkey 7 weeks after intra- 
venous inoculation with Coxsackie virus By. (Hematoxylin and 
eosin X 450, reduced by 26 percent.) 
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virus was isolated from myocardial tissue (unpub- 
lished data). 


Other Viral Causes of Myocarditis 


Most viruses known to cause a clinical illness in 
man have at one time or another been shown to 
produce acute myocarditis. 1:25-22.35,48,68 Many of the 
viruses that have been reported as causing myo- 
carditis in man are listed in Table I. In addition to 
the Coxsackie viruses, poliomyelitis virus and the 
other members of the picornavirus group are 
highly cardiotropic for man. However, the polio- 
myelitis vaccine has essentially eradicated polio- 
myelitis, so that it is no longer a major cardiovas- 
cular threat. 


Possible Viral Causes of Cardiomyopathy 


Viruses may play a primary etiologic or com- 
plicating role in the cardiomyopathies.5:35:68-10 The 
precise mechanisms whereby viruses cause acute 
or chronic cardiomyopathy are not known. It has 
been suggested that the chronic disease may repre- 
sent an old “burned-out” myocarditis.? Support for 
this concept is found in 2 recent reports. Of 42 
adult patients with Coxsackie virus B myocarditis, 
9 had residual cardiomegaly." In another group of 
22 similar patients, 5 had evidence of permanent 
myocardial damage.”™? Recurrence of “active” myo- 
carditis was seen in 7 of the 22 patients. An im- 
mune mechanism responsible for continuing myo- 
cardial damage has been suggested? whereby the 
viral agent would alter the myocardial cell in such 
a fashion as to cause it to produce antibodies 
against itself. However, this mechanism for auto- 
immune reaction has not been definitely estab- 
lished. The possibility that certain ‘‘adjuvant-like” 
substances might play a role in an autoimmune 
phenomenon with resultant myocardial damage 
was also suggested. Obviously, studies of an etio- 
logie role of viruses in patients with cardiomy- 
opathy have been inconclusive.?.7?.74 

Pestpartal heart disease: In certain cardio- 
myopathies, the role of viruses appears especially 
likely. For example, the postpartal state may, in 
some patients, be favorable for the initiation of 
viral diseases. At least 4 patients with postpartal 
heart disease secondary to Coxsackie viral infec- 
tion have been described. The concept that the 
pregnant and postpartal states may be more con- 
ducive to the development of viral heart disease is 
supported by the observation that pregnant mice 
are more susceptible to the encephalomyocarditis 
virus than nonpregnant mice.” Similar observa- 
tions have been made following Coxsackie infec- 
tion in pregnant mice (unpublished data). These 
concepts await thorough investigation. 

Conditioning factors in cardiomyopathy: Toxic 
agents, such as alcohol, may serve as conditioning 
factors for viruses. Viral-like particles were found 
in the heart of a patient with alcoholic cardiomy- 





Figure 5. Photomicrograph of aortic valve of a cynomolgus 
monkey 162 days after intravenous inoculation with the 
virus, showing localization of Coxsackie virus B, antigen by 
the indirect immunofluorescent technique. (Hematoxylin and 
eosin X 450, reduced by 27 percent.) 


opathy.'? Other conditioning factors include myo- 
cardial trauma, steroids, ionizing radiation, mal- 
nutrition, psychic stress, and other toxic and 
physical agents such as heavy metals, drugs, cate- 
cholamines, patent medicines and thermal stress. 
The activation of dormant or latent viruses by 
such conditioning factors in the continuing pro- 
cess of myocardial destruction should be con- 
sidered. 


Viral Endocarditis and Valvulitis 
Viral Valvulitis 


Whereas viral pericarditis and viral myocarditis 
have received some recognition among physicians 
and are readily acknowledged, the concept of viral 
valvulitis has not been readily aecepted. This is 
difficult to understand. Why should viruses be ex- 
pected to infect and injure only the pericardium 
and myocardium? Surely, the endocardium does 
not display any peculiar resistance to virus or bac- 
teria. Not only has clinical evidence of viral valvu- 
litis been observed," but the production of endo- 
carditis experimentally in animals by viruses pro- 
vides definitive proof that viruses will damage the 
valves and mural endocardium. For example, Cox- 
sackie B, virus produced acute valvulitis when ad- 
ministered to cynomolgus monkeys” (Fig. 4 and 
5). Valvulitis was observed in the mongoose inocu- 
lated with encephalomyocarditis?? and in rabbits 
inoculated with Virus III.!'? 

Experimental chronic valvular lesions: Since 
acute valvulitis can be produced in experimental 
animals by viruses, it seems likely that chronic 
valvular lesions can also be produced in these ani- 
mals when the acute lesions heal. Chronic studies 
in cynomolgus monkeys inoculated intravenously 
with Coxsackie B, virus support this concept.” 
In these experiments gross (Fig. 6) and micro- 
scopic valvular lesions occurred as long as 200 
days after the initial inoculation. The lesions re- 
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Figure 6. Chronic mitral valvulitis secondary to Coxsackie 
virus B, infection. Mitral valve of a cynomolgus monkey 155 
days following intravenous inoculation with Coxsackie virus 
B,. The valve shows scarring of the leaflets and thickening 
and shortening of the chordae tendineae. 


sembled those of “rheumatic heart disease” with 
aortic and mitral stenosis and insufficiency.?? Both 
acute and chronic valvular lesions were seen in 
mice after inoculation with Coxsackie virus B,.*° 
In the latter studies the Coxsackie virus B, was re- 
covered as late as 8 days after the experiments be- 
gan. Electron microscopic examination of the en- 
docardial tissue of mice inoculated with Coxsackie 
virus B, showed changes compatible with viral 
infection.*! The occurrence of valvulitis after in- 
oeulation of mice with adenovirus, with typical 


electron microscopic changes, has also been re- 


ported.5?.5? 

The exact incidence of viral valvulitis in man is 
not known. However, Coxsackie viral antigen was 
located by the immunofluorescent technique in the 
valves of 3 of 55 patients (Fig. 7) randomly se- 
lected at routine autopsy. Thus, it seems that 
Coxsackie virus B, can produce valvulitis in man. 





Figure 7. Photomicrograph of a mitral valve leaflet of e 
3-day-old infant showing presence of Coxsackie virus B 
antigen by the immunofluorescent technique. Light micros 
copy showed diffuse myocarditis. (Hematoxylin and eosir 
x 450, reduced by 32 percent.) 
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“Rheumatic” Heart Disease 


Although “rheumatic” heart disease involves all 
layers of the heart, it is too frequently identified 
only with chronic valvular heart disease in man. 
In fact, the terms are often used interchangeably 
today. Because rheumatic fever is considered by 
many to be secondary to a preceding streptococcal 
infection,** the clinician is forced to consider all 
chronic, acquired valvular heart disease in man as 
being induced by streptococci. Yet, a third to a 
half of patients with *rheumatic" heart disease do 
not present a definite history of a preceding strep- 
tococcal infection. 

Mixed streptococcal and viral infection: A criti- 
cal review of the evidence for a streptococcal origin 
for chronic valvular heart disease suggests that 
many instances of valvular heart disease are pro- 
duced by viruses.!? Streptococci certainly could act 
as a conditioning factor for cardiotropic viruses. 
The incidence and severity of Coxsackie virus B, 
myocarditis were increased when mice were given 


_ streptococci as well as the virus (unpublished 


data). An immunosuppressant effect of group A 
streptococci has also been reported.*5 Thus, in some 
instances, the streptococcus might act as a condi- 
tioning factor or might activate dormant or latent 
or slow viruses located in the heart. These latter 
thoughts may be extremely important since certain 
viruses known to be cardiotropic for man, such as 
the Coxsackie viruses, produce a significant 
amount of upper respiratory tract disease with 
pharyngitis in man. These viruses often go un- 
detected or unidentified.** It should be remembered 
that mixed viral and bacterial infections fre- 
quently occur." 


Prevention and Treatment of 
Viral Heart Disease 


Vaccines for prevention: The use of vaccines is 
currently the primary means of prevention of viral 
illnesses. The development of the rubella vaccine 
should cause a reduction in the incidence of con- 
genital heart disease. Because Coxsackie viruses 
have also been implicated as causes of congenital 
heart disease, the need for a Coxsackie vaccine 
has already been considered. Whether or not a 
vaccine would be effective in the prevention of 
heart disease due to viruses in the adult popula- 
tion will depend on epidemiologic studies. Some 
vaccines produce a lasting immunity, whereas 
others produce little or no immunity or immunity 
for only a short time. It should still be considered 
prudent to immunize, when possible, patients with 
any type of heart disease against viruses that are 
known to cause complications, such as the influenza 
virus. An effective vaccine is needed for all highly 
cardiotropic viruses. 

General measures in acute phase: The treat- 
ment of acute viral heart disease is, in most in- 


stances, symptomatic. There are no effective viral 
antibiotic agents available to date. Pain, a frequent 
symptom in acute viral pericarditis, may respond 
to simple analgesic agents. Care must be taken to 
avoid the use of anticoagulant agents in patients 
with acute viral pericarditis since hemopericar- 
dium may result.5* Arrhythmias are common in all 
types of viral heart disease and generally respond 
to conventional therapy. Bacterial antibiotic drugs 
may be used prophylactically in viral infections to 
prevent complicating bacterial infections. They 
are surely indicated once bacterial infections de- 
velop. 

Patients with mild acute viral heart disease 
should be kept at bed rest until the viral infection 
has definitely subsided. The effect of exercise and 
fatigue on increasing tissue damage from viral in- 
fections has been noted.9?9?9 Patients with severe 
myocarditis who have residual cardiomegaly 
should probably be kept at bed rest for 6 months to 
a year depending on the clinical response in order 
to permit adequate healing and to allow the heart 
to return to normal size. The reasons for and re- 
sponse to prolonged bed rest in the management of 
heart muscle disease have been discussed in de- 
tail elsewhere.?!.92 

Digitalis and diuretic agents: In patients with 
severe myocarditis and cardiac decompensation, 
digitalis should be used cautiously to avoid the oc- 
currence of dangerous arrhythmias. Orally admin- 
istered diuretic agents should be used as little as 
possible because of their kaliuretic action and, in 
turn, tendency to produce arrhythmias, even fatal 
ones, especially when used in conjunction with dig- 
italis. Mercurial diuretic agents, which are not 
kaliuretic and therefore cause less trouble with ar- 
rhythmias, are preferred. 

Corticosteroids: The value of steroids in the 
treatment of acute viral heart disease is not estab- 
lished. Theoretically, there is some danger in giv- 
ing steroids early in the course of a viral illness.*:%4 
Steroids can potentiate viral infections. However, 
it has been pointed out that heart disease can occur 
after the virus has already been widely dissemi- 
nated and an antigen-antibody type of reaction es- 
tablished and that this reaction might be controlled 
to some degree by steroid therapy.®* Nevertheless, 
the clinician must be certain he is not concerned 
with a viral infection itself when he prescribes 
steroids. As is often the case in clinical medicine, 
some clinicians have had success with this type of 
therapy,’ whereas others have not.?? 


Comments 


Possibilities for the future treatment of viral 
diseases, both acute and chronic, are exciting. The 
possible role of interferon, interferon-inducers, 
viricidal drugs, new viral vaccines and molecular 
manipulations in the treatment of viral disease 
are now being explored. Success with some of these 





is certain to be obtained in the near future. 

From this brief review it is evident that, al- 
though much data have been collected, we know 
Li very little about the incidence of viral heart disease 

or the innumerable ways in which viruses can dam- 
age the heart. It is clear that, clinically at least, 
progress in the diagnosis and management of viral 
diseases of all types will be hampered until ade- 
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quate viral laboratory facilities for the diagnosis 
of viral diseases are available on a nationwide 
basis. Such facilities constitute one of the great 
needs in clinical medicine. In addition, special hos- 
pitals and hospital facilities for patients with 
heart disease are needed where such patients can 
be adequately studied and properly hospitalized for 
as long as necessary. 
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In thermodilution a known change in heat content of the blood is in- 
duced at one point of the circulation and the resultant change in 
temperature detected at a point downstream. When cardiac output is 
measured, a bolus of cool liquid is injected into the upper right 
atrium and the temperature change detected in the pulmonary artery. 
When flow in single blood vessels is measured, the distance between 
the site of injection and the site of detection is small; therefore, mix- 
ing must be attained by the kinetic energy of the injectate. The con- 
tinuous constant rate injection technique is most suitable for mea- 
surement of venous flow. Since the blood flow in arteries can be 
markedly and unpredictably altered by the injection or the injectate, 
this technique is not suitable to measure flow in arteries. Measure- 
ment of venous flow by the bolus injection technique is tedious and 
time-consuming because of the complex formula. Minimal recircula- 
tion, simple and accurate calibration, intravascular detection of 
temperature and simple equipment are the advantages of the thermo- 
dilution technique. | 


Thermodilution was introduced as a method for the measurement 
of blood flow by Fegler in 1954.1 The idea that heat can serve as 
indicator was received with skepticism which only in recent years 
appears to have been overcome. The objective of this communica- 
tion is to define the principles on which the measurement of car- 
diac output and blood flow in single vessels with the thermodilu- 
tion method is based, its limitations and potentials and to present 
certain modifications of technique which enhance practical ap- 
plieation. 

Thermodilution represents an application of the indicator dilu- 
tion principle in which a known change in the heat content of the 
blood is induced at one point of the circulation and the resulting 
change in temperature detected at a point downstream. Heat can 
be either added, using various intravascular heating devices,?? or 
abstracted, usually by injecting into the blood stream a non-toxic 
mass miscible with the blood and at a lower temperature. The 
latter is similar to the dye dilution method from the technical 
point of view and is also most commonly used. 


Measurement of Cardiac Output by Thermodilution 


Principle: A bolus of a cool liquid is rapidly injected into the su- 
perior vena cava or the upper part of the right atrium and the resultant 
change in temperature detected in the pulmonary artery or in the aorta. 
A temperature-time curve is recorded which is similar in configuration 
to a dye-dilution curve except for the absence of recirculation peaks and 
a more protracted downslope. As in other indicator-dilution techniques 
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Figure 1. Diagrammatic representation of a tracing during 
measurement of cardiac output by thermodilution. After 
injection of a cold bolus (''inject") a temperature-time curve 
is recorded first by the thermistor in the lumen of the cath- 
eter. From the area under the build-up (cooling) part of the 
curve (estimated by planimetry), the mean temperature of 
the injectate (T;) can be determined. The temperature-time 
curve recorded by the thermistor in the pulmonary artery has 
a 1 to 2 second appearance time. Ts = temperature of the 


. blood in the pulmonary artery. Calibrating resistances = 


+1,000 ohms for the injectate thermistor, +100 ohms for 


. the thermistor in the pulmonary artery. 


uniform mixing of the indicator with blood over the 
whole vascular cross-section is a basic assumption for 
the validity of the method. From the change in the 
heat content of the blood, induced by the injection of 


. the cool bolus, and from the temperature-time curve 


the cardiac output can be calculated. 
The formula for calculation of cardiac output is de- 


rived on the basis of the fact that in the mixture of 


blood and the injectate the heat gained by the injectate 
is equal to the heat lost by the blood, assuming that no 


. indicator was lost from the system between the site of 


injection and the site of detection by heat conduction 
or energy conversion.*5^ 


M X St X Ci X (Tsp — T1) X 60 


Vs 3 
Ss X Cs Í ATp(t)dt 
0 


(1) 


where 

V, = cardiac output in ml/60 sec; 

V, — volume of the injectate in ml; 

S, Sp = specific gravity of indicator and blood, re- 
spectively ; 

C,, Cg = specific heat of indicator and blood, respec- 
tively; 

Tg, T, = temperature of blood and indicator, respec- 
tively; 


Í AT, (t)dt — area (A) under the temperature 
0 
time curve in °C X sec 


The specific gravity of the blood, dextrose solution 
and saline is 1.045, 1.018 and 1.005, the corresponding 
specific heats 0.87, 0.965 and 0.997, respectively. Al- 
though the specific gravity of the blood changes with 
the hematocrit, the product Sg X Cj remains virtually 
constant, because the specific heat of the blood changes 
proportionately in the opposite direction.* 

(S, x €) / (Sg x Cg) = 1.08, when isotonic saline or 
5 percent solution of dextrose is injected. 

Equation 1 can be then written in the following form: 






V — Tr) X 60 x 1.08 
Vs = MX (Te — TO X 80 X 108 (2) 


Quantitation of indicator represents a special prob- 
lem connected with the use of heat as indicator. When 
the cool fluid is injected through an intravascular 
catheter, the temperature of the injectate constantly 
changes as it passes through the lumen because of neat 
exchange with the wall of the catheter and the sur- 
rounding blood. The temperature of the injectate, as 
used in the formula for calculation of cardiac output, 
is the mean value of the continuously changing tem- 
perature at the point of entry into the blood stream. 
This value can be determined by recording with a 
fast response sensor the time course of the tempera- 
ture of the injectate near the injection orifice; as- 
suming a virtually steady injection rate, the mean 
temperature determined for the duration of the injec- 
tion from the temperature-time curve will give the 
mean effective temperature of the indicator (Fig. 1). 
Practical considerations in catheter construction fa- 
vor elimination of the direct measurement of the tem- 
perature of the indicator. Two ways have been used 
to correct for the loss of indicator during injection: 
(1) Calorimetric determination of the heat transfer to 
the injectate under conditions simulating the experi- 
ment,? and (2) measurement in vitro of the tempera- 
ture of the injectate leaving the catheter under condi- 
tions simulating the experiment. A factor can be de- 
rived that will correct for the amount of indicator lost 
during passage through the injection lumen. Since the 
loss of indicator is caused by a decrease in the tem- 
perature difference between the blood and indicator, 
the correction factor (C) can be expressed as 


Ts — Tu 
x Ts — Ti 
where Tr, is the mean temperature of the injectate 
leaving the catheter, and T, is the temperature of the 
injectate measured immediately before the injection. 
Measurements with a triple lumen flow-directed ther- 
modilution catheter (Edwards Laboratory, Santa Ana, 
Calif.) (made from polyvinyl chloride) showed that the 
correction factor is virtually not affected by the tem- 
perature of the surrounding blood (in the range from 
35 to 39 C), by the rate of injection (in the range from 
10 ml/2 sec to 10 ml/4 sec) and only slightly (+1% 
percent) when the length of the intravascular segment 
is changed from 35 to 25 or 45 cm. The value for C in 
these measurements was 0.825 + 0.014 (mean + stan- 
dard deviation). The temperature of the injectate mea- 
sured immediately before the injection (T,) is used in 
the formula for estimation of cardiac output and the 
factor (C) is included in the numerator for correction. 
The injectate remaining in the lumen of the catheter 
may cause additional cooling of the blood by conduction 
across the wall of the catheter. Although this effect 
might be negligible, depending on the volume of the 
dead space of the catheter in contact with the circulat- 
ing blood, the thermal conductivity of the catheter and 
the ratio of the volume of dead space to the total in- 
jected volume, it may delay the return of the down- 
slope to the base line. We therefore recommend with- 
drawal of the residual injectate immediately after the 
injeetion. 


Heat exchange between the site of injection and 
the site of detection: The validity of the method is 
based on the assumption that the amount of indicator 
lost between the site of injection and the site of detec- 
tion is negligible. As the mixture of blood and injectate 
travels from the superior vena cava to the pulmonary 
artery, the wall of the vessels and heart chambers is 
first cooled; as the temperature of the blood rises 
again, the walls are rewarmed. This bidirectional heat 
exchange between the blood and the vessel walls leads 
to distortion of the shape of the temperature-time 
curve: reduction of the height and prolongation of the 
rewarming part. The total area of the temperature- 
time curve is not reduced, since cardiac output calcu- 
lated from the thermodilution curves showed no sys- 
tematic deviation from values obtained by other ac- 
cepted methods whether the temperature was measured 
in the pulmonary artery*-!* or in the proximal aorta.!.!5 
Comparison of cardiac outputs determined simulta- 
neously by the dye (COpy,) and thermodilution 
(CO4,) methods in human subjects in this laboratory!* 
gave the following results: 


Equation of the regression line: 

COrp = 0.96 COpyr + 0.2 
r = 0.960 
P «0.001 


However, when the pulmonary capillaries are sur- 
rounded with significant amounts of fluid, as in left 
heart failure or pulmonary edema of whatever origin, 
a significant unidirectional heat transfer between the 
lungs and the blood-indicator mixture will occur. Un- 
der those conditions, the aorta cannot be used as the 
sampling site. 

Recirculation of indicator: The ratio of surface 
area to volume increases with decreasing vessel diam- 
eter. The rate of heat exchange between the blood and 
the surrounding tissues is therefore maximal in the 
capillaries. By heat and fluid exchange over the large 
surface area of the capillaries of the systemic circula- 
tion, the blood is rewarmed virtually to its preinjection 
temperature. Recirculation is therefore very slight. In 
addition, when the site of detection is in the pulmonary 
artery, the distance from the site of injection is usually 
short enough to permit the primary curve to be com- 
pleted before recirculation can occur, 

Fluctuation of blood temperature: The tempera- 
ture of the blood in the right atrium, right ventricle 
and pulmonary artery shows cyclic changes synchro- 
nous with respiration, probably caused by temperature 
differences in various venous beds and by respiratory 
changes in their relative contribution to the venous re- 
turn.14-17 The fluctuation in the pulmonary artery is 
about 0.01 to 0.02 C, but it can be greatly increased in 
the presence of abnormalities in respiratory pattern 
(for example, Cheyne-Stokes respiration). It repre- 
sents a physiologic “noise” and requires augmentation 
of the “signal.” This can be achieved by increasing the 
rate of indicator input by (1) increasing the injec- 
tion rate and (2) lowering the temperature of the in- 
jectate. In this laboratory a satisfactory ‘“‘signal to 
noise ratio” is obtained by injecting 10 ml of 5 percent 
dextrose solution at preinjection temperatures of 0 to 
5 C within 2 to 3 seconds. 

Measurement of temperature:  Thermistors are 
used most frequently because of their high tempera- 


Correlation coefficient 


BLOOD FLOW MEASUREMENT BY THERMODILUTION 


ture coefficient (3.5 to 4 percent change in resistance 
per 1 C change in temperature). Their temperature-re- 
sistance characteristic is logarithmic. However, over 
the small range in which the temperature of the blood 
in the pulmonary artery changes during the determi- 
nation of cardiac output (usually less than 1 C), the 
characteristic can be considered linear. A fixed resis- 
tance of appropriate value in parallel with the thermis- 
tor can be used to linearize the thermistor characteris- 
tic over a wide range of temperature. 

The resistance of the thermistor is measured with a 
Wheatstone bridge, into which the thermistor is in- 
corporated as one arm. The voltage across the thermis- 
tor is kept low (below 100 mv) to avoid sensitivity to 
changes in the velocity of flow without changes in tem- 
perature. The bridge is balanced before each measure- 
ment. The off-balance output resulting from changes in 
temperature is amplified by a direct-current amplifier 
and recorded. The galvanometer deflection is calibrated 
by adding a resistance in series with the thermistor. 
The change in temperature represented by the cali- 
brating resistance is determined from the temperature- 
resistance characteristic of the thermistor. 

The current flowing through the thermistor is kept 
low (about 20 pamp). Nevertheless, from the stand- 
point of patient safety it is advisable to check the elec- 
trical insulation of the thermistor before each applica- 
tion. The insulation can be tested in the following way: 
(1) Connect 1 lead from the thermistor to 1 pole of a 
variable d-c voltage source in series with a sensitive 
(e.g., lyamp full scale) microammeter. (2) Immerse 
the second pole of the voltage source into saline solu- 
tion. (3) With the voltage set to 0 immerse into the 
saline the distal part of the catheter carrying the 
thermistor. (4) Raise the voltage slowly. If no deflec- 
tion is noted on the meter at any level up to 100 v, the 
insulation can be considered adequate. 


Clinical usefulness: Although the use of heat 
as indicator has its limitations and special prob- 
lems, requiring cautious attention in its applica- 
tion, it has important practical advantages in com- 
parison with the dye indicator. It does not require 
arterial puncture, since no blood is withdrawn 
from the arterial system for measurement and 
calibration. This facilitates studies at the bedside 
in simplicity of performance and acceptance by 
the patient. The calibration of the thermodilution 
curves is simple and accurate and can be done for 
each measurement. Two or three measurements 
of cardiac output can be carried out in 1 minute. 
The equipment is simple and inexpensive. 


Measurement of Flow in Single Blood Vessels 
by Thermodilution (Local Thermodilution) 


Since thermistors and thermocouples are small 
enough to be mounted on catheters and so inserted 
into vessels of relatively small diameter, thermo- 
dilution, from a technical point of view, is par- 
ticularly suitable for measuring blood flow in 
single vessels. 


Principle: A change in the heat content of the 
blood is induced at 1 point in the vessel and the resul- 
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. Figure 2. Diagrammatic representation of a tracing obtained 

_ during measurement of blood flow by continuous constant 
injection thermodilution. Ts — temperature of blood, T; = 
effective temperature of the injectate; T. = temperature of 
. the mixture of blood and injectate. 


tant change in the temperature detected at a point 
downstream. Uniform temperature over the cross sec- 
. tion of the vessel at the point of detection is a basic 
. requirement for the accurate measurement of flow. 
- When cardiac output is measured, mixing is achieved 
— by the pumping action of the heart. However, in local 
-. thermodilution mixing is attained by the kinetic en- 
 ergy of the injectate which must be sufficient to induce 
. turbulence over the whole cross section of the vessel. 
— When a heating device is used, a special stirrer must 
— be applied for uniform distribution.? The thermal indi- 
= Cator can be introduced either as a single, nearly in- 
- Stantaneous injection, or by continuous constant rate 
— injection. Because the distance between the site of in- 
= jection and the site of detection is short, the effect of 
_ the injection on the rate of blood flow must be taken 
into account when formulae for computation of blood 


flow are derived. 


- Measurement of Blood Flow in Veins 


Continuous injection: When the indicator is intro- 


duced by continuous constant rate injection, after some 
. delay a steady state is reached in which the amount of 
indicator leaving the mixing volume in a unit time in- 


terval is equal to the amount entering the mixing vol- 
ume during the same time interval (Fig. 2). In con- 
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Figure 3. Diagrammatic representation of a catheter for 
measurement of flow in single blood vessels. The cool fluid 
is injected through a special tube thermally insulated from 
the external catheter by a space of air. The temperature of 
the injectate is measured by the internal thermistor; the tem- 
perature of the blood and of the mixture of blood and in- 
jectate by the external thermistor. 


trast to arteries the blood flow in veins upstream to the 
site of injection is not reduced during the injection be- 
cause in veins the resistance upstream is much higher 
than downstream. The injected volume (V,) mixes 
therefore with an unaltered volume of blood (Vj). 
Since the heat lost by the blood during the process of 
mixing is equal to the heat gained by the injectate, 
assuming that no significant heat has been lost from 
the system, the following heat balance equation can be 
written: 


Vs X Sp X Cs X (Ts — Ty) = 
(Heat lost by blood) 
Vi X& XCr xX (Te —TID 
(Heat gained by injectate) 
where 
Tą = temperature of the mixture of blood and indi- 


cator, after a steady state has been reached. 
Ty. — T, can be written as (Ty — Tj) — (Ts — Ty) 


The formula for calculation of flow in veins by continu- 
ous thermodilution is therefore: 





d mxUOr IF Deo Ti ) 
Vg = Vi X S. x Cp x Cp (i a limi (2) 
or, if isotonic dextrose or saline is used, 
Ts — Ti 
Vp = Vi Xx 108 X (= S -1) 


Rate of injection of indicator: The kinetic energy 
of the injectate must be high enough to induce turbu- 
lence over the whole cross section of the vessel. The 
conditions of mixing have not been precisely mathe- 
matically defined ; however, it is known that the kinetic 
energy necessary for good mixing is directly related to 
the velocity of blood and to the diameter of the vessel. 
The spatial orientation of the stream of indicator in 
relation to the direction of the blood stream and the 
vessel wall is an additional factor affeeting the degree 
of mixing. 

Measurement of phasic flow: The response time of 
the eontinuous thermodilution method depends on the 
time constant of the temperature sensing and record- 
ing system and the time constant of the mixing vol- 
ume (= mixing volume [ml]/total flow of blood and in- 
dicator [ml/sec ] ) .!5 


The time constant of the mixing volume is usually | 


higher than the time constant of the temperature- 
sensing device which can be kept below 0.1 second ; the 
time constant of the method (the time interval neces- 
sary to record 63 percent of the maximal change in Ty, 
after a square wave change in blood flow) is therefore 
mostly determined by the time constant of the mixing 
volume, which is usually between 0.5 and 1 second. The 
method can measure phasic flow with reasonable accu- 
raey if the cycle length of the change in flow is 1.5 to 3 
seconds or more. 


Thermodilution catheters: Catheters for mea- 
suring blood flow by the continuous thermodilution 
method have 2 thermistors (Fig. 3): 1 placed on 
the outside for determination of T} and Ty, and 
1 placed in the lumen for determination of Ti. 
Thermal insulation of the injectate from the blood 
will minimize the heat transfer and also the pos- 
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sible error from this heat transfer. Catheters have 
been constructed which can be inserted percuta- 
neously to measure blood flow in the internal jugu- 
lar, popliteal and iliac veins in human subjects.19-23 
Somewhat larger catheters are employed for esti- 
mation of blood flow in the coronary sinus and 
great cardiac vein.?* 

Accuracy: Comparison with direct methods in 
model and in vivo studies demonstrated high ac- 
curacy of the continuous constant infusion ther- 
modilution method.922?*9 Comparison of blood 
flow estimated by the continuous thermodilution 
method (Y) in the coronary sinus in dogs with 
timed collections of blood (X) in this laboratory?* 
gave the following results: 


Y — 0.99X + 0.3 
r — 0.995 
P «0.001 


Measurement of blood flow in veins by the single 
injection method: If a bolus of cool fluid is in- 
jected at 1 point of a vein, a temperature-time 
curve is recorded downstream, similar to curves 
recorded during measurement of cardiac output. 
However, the computation of blood flow is compli- 
cated by the fact that part of the temperature-time 
curve is inscribed, when the flow downstream to 
the site of injection is increased by a portion of 
the injectate. The second part of the curve is in- 
scribed when the flow rate has again returned to 
its preinjection level. A complex formula for the 
calculation of flow was derived by solution of a 
pair of heat-balance equations, using areas under 
the 2 parts of the curve.* The need to measure 2 
areas is a limiting factor in the use of the single 
injection technique. 


Equation of the regression line: 
Correlation coefficient 


Measurement of Blood Flow by 
Thermodilution in Arteries 


Continuous injection: The applicability of 
thermodilution (and other  indicator-dilution 
methods) for the measurement of blood flow in ar- 
teries is seriously limited by alterations of blood 
flow during the injection of cool fluid. (1) Due to 
the high downstream resistance in arteries,‘ 
the kinetic energy of the injection causes a reduc- 
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tion in the blood flow, with a secondary dilatory 
response from the arterioles. (2) The injection 
may damage some erythrocytes and by liberation 
of vasoactive intracellular substances cause ar- 
teriolar dilatation and increase in the measured 
blood flow.?' Therefore, the continuous injection 
method does not appear to be suitable for the mea- 
surement of blood flow in peripheral arteries. 
However, this is not the case in the thoracic aorta, 
where continuous injection of dye was successfully 
used for the measurement of blood flow.?5.29 

Measurement of arterial flow by the single in- 
jection method: Since the distance between the 
site of injection and the site of detection is short, 
in case of a bolus injection a temperature-time 
curve can be inscribed before the effects of the in- 
jection on the arterioles become manifest. If the 
kinetic energy of the injectate is not excessive,* 
the injectate will displace an equal volume of 
blood; that is, the total flow downstream to the 
site of injection will remain unchanged during 
the injection. From the heat balance equation, and 
with respect to the effect of the injection on blood 
flow, a formula for estimation of arterial blood 
flow can be derived which is essentially identical 
with that used for estimation of cardiac output. 
The single injection method has its theoretical 
limitations since it requires the assumption of a 
constant Íílow???!; however, comparative mea- 
surements showed good agreement with direct 
methods.*?? 


Conclusion 


As may be apparent from the preceding discus- 
sion, the usefulness of the thermodilution method 
lies first of all in the determination of cardiac out- 
put and in the measurement of blood flow in veins. 
The progress in both areas has been significant in 
recent years, proving the correctness of Hosie's 
prediction when he wrote in his excellent review in 
19625 that thermodilution “will continue to receive 
the attention which its simplicity and elegance 
merit and that with further improvement and 
verification of its usefulness the modest claims 
first made for it will be upheld." 
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Historical Milestones 


Cohnheim on Inflammation-l 


SAUL JARCHO, MD 
New York, New York 


The great classic of the literature on inflammation 
is the essay by Julius Cohnheim (1839-84), Ueber 
Entzündung und Eiterung (Om Inflammation and 
Suppuration).! Although Cohnheim had been pre- 
ceded by at least two observers— William Addi- 
son?^? and Augustus Volney Waller*9?—in the de- 
scription of inflammatory vasodilatation and dia- 
pedesis, the earlier researches were far outdone by 
the amplitude and richness of the new German 
masterwork. 

Cohnheim began by studying artificial inflam- 
mation in the avascular cornea of the frog. For 
this purpose he introduced the use of staining with 
gold chloride. He found that although innumerable 
“pus corpuscles” appeared, the epithelial cells of 
the cornea retained the normal location and ar- 
rangement. Hence, pus was not derived from cor- 
neal epithelium. 

Two possibilities remained. Either the pus cor- 
puscles were derived from wandering corneal ele- 
ments which resemble “lymph bodies" (leuko- 
cytes) or they were immigrants into the cornea. 
To decide this, Cohnheim instituted a new series of 
experiments. He found that in simple keratitis, 
whether produced by means of a silver nitrate pen- 
cil or by a thread drawn through the eye, the in- 
flammatory reaction constantly began at the mar- 
gins of the cornea and advanced to the center. He 
explained this, correctly, by pointing out that the 
largest blood vessels are situated at the periphery. 

If aniline blue was dropped into the conjunc- 
tival sac of a rabbit and the cornea was then cau- 
terized, the leukocytes contained no blue granules. 
These leukocytes could have come only from the 
lymphatics or the blood vessels. If dye was instilled 
into the lymph sac of a frog, none appeared in the 
intact cornea. If dye was instilled into the lymph 
sac and the cornea was then injured, dye appeared 
in some of the leukocytes found in the inflamed 
area. This showed that at least some of the pus 
corpuscles came from elsewhere than the eye. 
When dye was injected into the aortas of a frog 
and the cornea was injured subsequently, the 
leukocytes in the cornea were found to contain dye. 
Hence, some pus corpuscles in the inflamed cornea 
had been undyed blood corpuscles previously and 
had entered the cornea by way of the blood vessels. 


This study was based on research assisted by the National 
Institutes of Health (Grant HE-10948). 

Address for reprints: Saul Jarcho, MD, 35 E. 85th St., New 
York, N. Y. 10028. 


Having found that it would be impossible to 
make further progress by means of an avascular 
structure such as the cornea, Cohnheim now turned 
to study inflammation in the mesentery of the live 
frog. The following excerpts contain the crucial 
observations that he made during this part of the 
investigation. 


Excerpts from Cohnheim 


The first thing that happens is widening of the ar- 
teries. Immediately after exposure of the mesentery— 
unless perchance a preexistent constriction can be ob- 
served*—the dilatation of the arteries usually begins; 
it can be very distinct after as short a time as 10 to 15 
minutes. From that time on it increases steadily, with 
at most very small and brief intermissions and remis- 
sions. After one to two hours it has usually reached its 
maximum, at which it maintains itself during the en- 
tire remainder of the process, or else it diminishes by 
at most a few hundredths of a millimeter. The total 
effect of this widening can reach a very high degree. 
Nothing is more frequent than to see an artery having 
a diameter of 0.14 [mm.] increase to 0.22, and one of 
0.15 go to 0.24. In an artery that measured 0.15 at the 
beginning I measured the width at 0.31 after 45 min- 
utes, and in another that was 0.14 I found 0.35 mm. 
within an hour. An artery can expand to twice its 
original diameter. One thing must be added. Whereas 
at the beginning all the arteries are extended straight 
or run their course with only slight inflection, in the 
exposed mesentery many of them constantly develop 
very marked tortuosity and even though this depends 
only on elongation of the vessel, it can be understood 
how much the capacity of a dilated and simultaneously 
contorted vessel has increased. Moreover the widening 
of the arterial vessels, so far as they are exposed, is 
usually uniform despite the extension and tortuosity 
of their course. Only in isolated instances on checking 
over a preparation does one suddenly come upon a place 
so narrow that the lumen is only perhaps one third of 
what it is immediately behind this point. Just before 
this (i.e. toward the heart), there is almost always a 
similarly circumscribed place where the artery in di- 
rect contrast is dilated to an unusual degree, up to 
about twice the size of the section encountered imme- 
diately before. I cannot state what causes these irregu- 
larities, which often develop before one’s eyes and with 
no perceptible provocation. They can last for hours. We 
shall have to return to them, since anomalous and 
highly instructive conditions can develop at such places. 

The dilatation of the arteries is followed by a similar 
but very much slower occurrence in the veins. Regu- 
larly in the course of the process there is a stage in 
which the arteries greatly exceed the veins in width. 


... * Footnote omitted [SJ] 
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However what is lacking here in the speed of the pro- 
cess is more than compensated by magnitude and ex- 
tent, and after a time the original proportionate rela- 
tion always comes close to being reestablished. For ex- 
ample I find in my notes that a vein originally measur- 
ing 0.16 mm. increased to 0.24 mm. in 3 hours; another 
of 0.17 increased to 0.29; one of 0.13 increased to 0.28 
in four hours, and one of 0.21 went to 0.44 mm. As can 
be seen, the original lumen can increase to double or 
more. At the same time in the veins, which are much 
more extensible than the arteries, sinuosities and cur- 
vatures are never seen to develop. I also do not recall 
having seen partial constrictions and dilatations, or at 
least not approaching the way they occur in arteries. 
As for the condition of the walls of the dilated vessels, 
the one difference from their normal appearance is 


= that they seem a little thinner. Apart from this, after 


as well as before [inflammation], they present on opti- 
eal longitudinal section a tissue of longitudinal fibers, 
in the arteries just as in the veins, but at most a little 
denser. Finally the capillaries and the changes that oc- 
eur in them are to be considered together in a later 
paragraph. 

At the same time that the dilatation of the vessels 
is developing, the speed of the blood within them is 
also undergoing changes, predominantly of variable 
character. In some vessels, both arteries and veins, a 
retardation of the blood current takes onset right from 
the beginning, together with progressive dilatation. In 
other vessels there is no change in the speed. In still 
others the observer merely thinks he observes accelera- 
tion, but this for obvious reasons is difficult to establish 
with certainty. But even more striking variations ap- 
pear. In a vessel in which the blood current has al- 
ready slowed appreciably, one may see de novo a con- 
siderable increase in speed unaccompanied by percep- 
tible narrowing of the lumen. Nevertheless, however 
variable these conditions may be at the beginning, al- 
ways and without exception, as soon as the vasodilata- 
tion has continued for a while—perhaps one or two 
hours—a decrease of the speed of the current sets in. 
Microscopically this slowing of the stream is mani- 
fested by the fact that thenceforth it becomes possible 
to distinguish the outlines of the individual blood cor- 
puseles without difficulty, usually in the arteries and 
quite certainly in the veins, where the speed of the 
current was small even at the outset. Now the optical 
effect of the arterial pulsation also becomes much more 
evident. When the observer fixates persistently on one 
place in an artery, it appears as if the mass of blood 
propelled by the previous wave would now flow forward 
gently, until suddenly a new and stronger impulse 
seizes it and irretrievably carries it away. 

One thing additional has changed: the bloodstream 
has lost its axial character. No longer does one see on 
both sides of the red blood column a colorless layer of 
plasma devoid of corpuscles, but the mass of blood fills 
the entire lumen of the vessel and the corpuscles at 
every place flow over the inner border of the vessel 
wall. In the arteries it is unmistakable that the color- 
less corpuscles make for the wall of the vessel. At the 
apparently outflowing wave, at the instant of greatest 
retardation of the blood current it is seen that the 
white blood corpuscles in the periphery of the entire 
column of blood are rolling over the wall of the vessel, 
as if they would come to rest there if the new wave 
did not drive them forward mercilessly ... 

[In the veins] a very characteristic condition im- 


mediately begins to develop, slowly, under the eye of 
the observer. The peripheral zone of the blood stream, 
the original plasma layer, becomes filled with innumer- 
able colorless blood corpuscles. Single white corpuscles 
push into the field of vision in the direction of the 
capillaries in slow and occasionally somewhat retro- 
grade movement. Immediately they come to rest at 
some point along the wall of the vessel, either persis- 
tently or perhaps only after a certain time, after they 
have been driven forward over an additional short dis- 
tance. The number of cells that accumulate in the mar- 
ginal zone becomes constantly greater. To these a few 
more are added here and there which have been thrust 
forward from the capillaries. These cells come into view 
from the central blood stream and immediately settle 
themselves at the wall. The final effect of this process is 
that after a shorter or longer time the entire marginal 
zone of the vessel is filled with colorless corpuscles, so 
that optical longitudinal section shows a single almost 
unbroken row of spherical white blood cells along the 
inner border of the wall of the vessel, while on raising 
the tube [of the microscope] if one focuses on the up- 
per wall of the vessel, a sort of pavement of densely 
arranged colorless cells overlies the wall. It is so to 
speak a single-layered but complete rampart of sta- 
tionary white corpuscles investing the vessel in its en- 
tire periphery. When, as occasionally happens—and 
this is not unusual—a gap is torn in this wall because 
a few of the corpuscles are seized by the blood stream 
and pulled away, the space is filled immediately by on- 
coming followers. Within the wall, however, the red 
column of blood flows with even speed, without even 
one colored corpuscle becoming separated at any time 
from contact with the others; and I know no contrast 
that could be more distinet than that between the con- 
tinuously streaming central red column and the quies- 
cent marginal layer of colorless corpuscles. 

However, this condition does not last long and the 
observing eye becomes attracted by a very unexpected 
occurrence. At the outer border of the wall of the vein 
there arise a few small colorless button-shaped eleva- 
tions, just as if the vessel wall itself pushed forth gib- 
bous excrescences. These excrescences slowly and very 
gradually become larger. After a while a hemisphere 
about half the size of a white blood corpuscle appears to 
lie on the outside of the vessel. Later the hemisphere 
changes into a piriform structure that has its dilated 
end directed away from the vessel and its pointed end 
rooted in the vessel wall. Then delicate processes and 
prongs radiate from the periphery of the piriform cor- 
puscle, and although up to this time its contour has 
been more or less rounded, it now assumes highly di- 
verse forms. Above all, however, the main mass of the 
corpuscle, the swollen irregular end, separates itself 
more and more from the wall of the vessel; the sharp- 
ened [proximal] end gradually draws itself out into a 
long thin stalk that I have seen attain the length of 0.05 
or even 0.07 mm. Finally this stalk becomes separated 
frem the point on the wall where it had been attached, 
and we now have before us a colorless somewhat shiny 
contractile corpuscle with a few short processes and 
one very long one. The size of the corpuscle corresponds 
completely with that of a white blood corpuscle. Not 
rarely, despite any change in shape im the fresh condi- 
tion and at any rate after treatment with reagents, one 
or more nuclei are observable in it. Consequently it is 
in no way distinguishable from a colorless blood cor- 
puscle. 


It requires no small degree of self-control and dedi- 
cated concentration to keep the gaze constantly on this 
point. During the protracted time that elapses from 
the first gibbous protrusion until the separation of the 
corpuscle—this process can extend itself over a period 
of more than two hours and it often runs much more 
rapidly—at many other places along the vessel wall a 
large number of other colorless corpuscles have pro- 
truded themselves and when one has allowed the eye to 
pass for an instant over the entire portion of the vein 
that lies in the field of vision, one simultaneously 
catches sight of all the stages that had previously been 
seen developing in a single corpuscle. Smaller and 
somewhat larger gibbous excrescences, piriform ele- 
ments with shorter or longer stalks rooted in the ves- 
sel wall—all this one sees simultaneously in varying 
amounts. Some of the corpuscles that have long stalks 
are entirely quiescent; others go through a very special 
performance and make small, rocking, pendulous move- 
ments with the dilated ends which constitute their 
main bodily masses, while the stalk remains attached. 
Gradually the number of protruding colorless corpus- 
cles becomes larger and larger. About three or four 
hours after the first swelling is noticeable on the outer 
side of the vein, the vessel is surrounded by a single 
but dense ring of these corpuscles, which are set up 
around it like fixed pickets. A few hours later it is not 
merely a simple layer of colorless bodies that surrounds 
the vessel but a real forest. A swarm is spread out on 
all sides; four, six, and more rows of irregular but 
thickly placed corpuscles follow one another from 
within outward. The corpuscles in the innermost rows 
are attached to the vessel wall by longer or shorter 
stalks in the manner already described; those of the 
nearest rows in an outward direction are still very dis- 
tinctly characterized by their long drawn out processes 
directed toward the veins; those in the outermost rows 
become constantly shorter, so that finally one sees noth- 
ing else than the usual changing forms of contractile 
corpuscles of blood or pus. In a few hours, I said; but 
according to what I have previously stated, this is to 
be understood cum grano salis. In the entire process of 
inflammation there is no phase that runs more irregu- 
larly than this extrusion of colorless corpuscles at the 
outer periphery of veins. While in certain individuals, 
especially of [Rana] temporaria, I saw this as early 
as three to four hours after exposure of the mesentery, 
in other specimens 12 or even 15 hours and more 
elapsed before even faint beginnings were evident. This 
variation appears not only in different individuals; 
even in one and the same frog a particular vein can 
be kept under observation for one or two hours without 
the eontour of the vessel showing the slightest change, 
and it is perhaps sufficient to move the preparation 
one or two millimeters in order to come immediately 
upon another vessel that is already surrounded by a 
ring of corpuscles. 

During this general emergence of colorless corpus- 
cles at the outer periphery of the vessels, which always 
increases with the passage of time, and which, I shall 
state, I have observed on all the veins that run in the 
mesentery, from the smallest to the main trunks, in the 
interior of these vessels the original condition, previ- 
ously developed and already described, maintains itself 
altogether unchanged. Before and afterward there lies 
in the inner marginal layer a simple unbroken deposit 
of white blood cells, and within these the red stream 
flows continuously. Finally it is not irrelevant to em- 
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phasize explicitly that not one red blood cell makes its 
appearance among the colorless corpuscles that emerge 
at the outer wall of the vessel. 

This one fact will suffice to protect me against the 
incidental suspicion of so gross a delusion as that the 
corpuscles heaped externally around the vein have ar- 
rived there from a distance or that they have come out 
through a wound in the vessel itself. In reality, as I 
must assume, the account that I have given above, al- 
though it may depict the remarkable process incom- 
pletely, yet it must convince any unprejudiced person 
that the process consists of the extrusion of colorless 
blood corpuscles from the interior of the vein through 
the intact wall of the vessel... 


Comment on Cohnheim 


Cohnheim noticed that the inflammatory process 
shows wide variations and fluctuations of rate in 
different blood vessels and in different parts of the 
same blood vessel. He found that in the earliest 
stage the blood current lost its axial character, so 
that the peripheral zone, which normally contains 
plasma, became filled with colorless blood cor- 
puscles. Hemispherical excrescences subsequently 
appeared at the outer borders of the vessels. He 
saw these outgrowths slowly change into piriform 
bodies, which ultimately became separated from 
the vessel and were then recognizable as emerged 
cells indistinguishable from the colorless cor- 
puscles of the blood. This process of diapedesis he 
portrayed in fascinating detail. 

In later parts of this treatise, not included in the 
foregoing excerpts, Cohnheim described similar 
cbservations made in young rabbits and kittens. 
Whereas he was regularly able to induce diapede- 
sis, he usually could not produce a strongly puru- 
lent inflammation of the mesentery or very con- 
siderable exudates. 

Acknowledging that his work contained gaps 
and that he had by no means answered every pos- 
sible question, he had nevertheless succeeded in 
displaying and explaining the mechanism of in- 
flammation with great accuracy. For this purpose 
he used varied techniques, at once simple and in- 
genious, which he deployed with skill, insight and 
limitless patience. He observed an immense num- 
ber of details. These he combined into a coherent 
description which is one of the greatest contribu- 
tions ever made in the entire history of pathology. 
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Method and Criteria of Selection of Abstracts 
for Presentation 


A record 592 abstracts were received by the College for 
consideration for presentation at the 21st Annual Sci- 
entific Sessions. These abstracts were carefully re- 
viewed by the Scientific Program Committee in the 
following manner. The 20 Committee members were 
divided equally into 2 similar teams comprising indi- 
viduals representing adult cardiology, pediatric cardi- 
ology, cardiovascular surgery, pathology and basic 
science. Abstracts were sent at random to Team A or 
B. Thus, 10 members of either team graded each ab- 
stract objectively and independently from 1 to 10, with 
10 being the highest, and the individual results were 
returned by each member to the Bethesda office of 
the College. In the case of an abstract from a reviewer's 
institution, the member abstained. The scores of each 
abstract were then averaged by the College staff. There 
was no significant difference between the overall aver- 
age scores of the 2 teams, which were within 0.2 
points of each other. All abstracts receiving 7.0 and 
above (125 abstracts) were automatically accepted for 
presentation. Those rated between 6.9 and 6.5 were 
discussed at a special meeting of all of the Committee 
members. It was possible to select a total of 168 ab- 
stracts for the final program. 


DEAN T. MASON, MD, FACC 
Scientific Program Chairman 





Medical Versus Surgical Management of 
Cardiogenic Shock 


SYED Z. ABBAS, MD*; K. R. SHANKAR, MD; G. COHEN, MD; Y. 
AKYREKLI, MD; W. J. KEON, MD, Ottawa, Ontario 


Cardiogenic shock is the major cause of death in hos- 
pitalized patients with acute myocardial infarction. The 
results of intensive medical therapy and various forms 
of circulatory assist devices have been far from satis- 
factory. Between December 1970 and July 1971 7 pa- 
tients—5 male, aged 48 to 66 years and 2 female, aged 
47 and 57 years, respectively—underwent emergency 
aorto-coronary bypass grafts after intensive medical 
management was considered to be unsuccessful. All 
these patients had systolic blood pressure below 85 
mm Hg and urine output less than 20 cc/hour, and the 
majority had cloudiness of sensorium. Two patients 
had complete heart block and 1, atrioventricular disso- 


ciation. Six patients underwent emergency selective 
coronary angiography without incident before surgery, 
and in 1 coronary angiography was performed 2 weeks 
before development of cardiogenic shock. Coronary an- 
giegrams showed occlusion of the right coronary ar- 
tery (RCA) in 3; anterior descending artery (LAD) 
in 1; severe narrowing of LAD in 1 and high grade 
stenosis or occlusion of both LAD and RCA in 2. 

Emergency bypass graft surgery was performed 
within 30 minutes after angiography, with 2 operative 
deaths. Five patients were eventually discharged from 
the hospital. One patient died of a cerebrovascular ac- 
cident 2 months later. The other 4 are alive and well 
with 1 of them requiring digitalis and diuretic agents 
for control of heart failure. This limited experience is 
encouraging and has shown that emergency coronary 
angiography and aorto-coronary bypass surgery can be 
performed with gratifying results in this group of 
patients. 


Clinica! Significance of Ventricular Premature Beats 
in an Outpatient Population 


SIDNEY ALEXANDER, MD, FACC*; DHIROOBHAI C. DESAI, MD; 
PHILIP |. HERSHBERG, MD, Boston, Massachusetts 


Ventricular premature beats ( VPB's) may have impor- 
tant prognostic implieations, particularly in patients 
with heart disease. This study was undertaken to test 
this hypothesis and to determine whieh other factors 
in patients with VPB’s also influence mortality. All 
electrocardiograms (EXCG's) performed on outpatients 
at the Lahey Clinic in 1967 were reviewed (total 12,- 
151). One or more VPB's were present in 539 (42/ 
1,000). All charts were reviewed, and the patients were 
grouped according to their most important medical 
diagnosis. Controls were selected, similar in all respects 
except for the absence of VPB's on the ECG. Followup 
was achieved in 99%, averaging 314 years. The mor- 
tality rate was 17.1% in patients with VPB's and 
10.7% in control subjects (1.6/1). This ratio is con- 
siderably less than that previously reported. In both 
VPB and control groups, the mortality rate in patients 
with heart disease was almost 6 times that of patients 
without heart disease. In the presence of underlying 
heart disease, and in association with certain ECG ab- 
normalities, VPB’s significantly influenced the mortal- 
ity rate of VPB patients when compared with control 
patients. However, in the absence of heart disease and 
in the presence of an otherwise normal ECC, even fre- 
quent VPB's did not appear to affect survival. Particu- 
larly high mortality rates were noted in VPB patients 
with previous myocardial infarction (40%) and angina 
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pectoris (38.795), and in both VPB and control pa- 
tients with ECG evidence of left ventricular hyper- 
trophy (32 and 56%, respectively). These data help to 
define the high-risk patient who may profit from 
prophylactic therapy. 


Spontaneous Closure of Small Ventricular Defects. 
Probability Rates in the First 5 Years of Life 


BRUCE ALPERT, BA*; RICHARD DESMOND ROWE, MD, Balti- 
more, Maryland 


Data on 55 infants with a clinical diagnosis of small 
ventricular septal defect made between 1967 and 1969 
were reviewed. Recent physical examination data were 
obtained for 52. Spontaneous closure of the ventricu- 
lar defect occurred in 30 patients (58%). The incidence 
of closure was considered separately for muscular 
(6595) and membranous defects (25%), as well as for 
those defects in which the anatomic position could not 
be determined clinically (58%). Age at closure, dura- 
tion and intensity of the murmur, and the number of 
months of followup study in cases of non-closure were 
analyzed. As a practical index, the probabilities of clo- 
sure by 5 years of age were calculated for patients 
theoretically presenting at birth, 1 year and 2 years of 
age. These were, respectively, 58, 48 and 35%. 


Enhancement of Myocardial Function During Hypoxia 
by Increased Glucose Availability 


EZRA A. AMSTERDAM, MD, FACC*; D. FOLEY; RASHID A. MAS- 
SUMI, MD, FACC; ROBERT F. ZELIS, MD, FACC; DEAN T. MASON, 
MD, FACC, Davis, California 


During myocardial ischemia anaerobic metabolism of 
glucose (G) provides the major source of energy to car- 
diae muscle. Therefore, augmentation of this metabolic 
pathway may improve energy supply and function of 
ischemic myocardium. Accordingly, isolated right ven- 
tricular cat papillary muscles were studied during nor- 
mal oxygenation (95% oxygen, 5% carbon dioxide) and 
hypoxia (95% nitrogen, 5% CO,). In 9 muscles sup- 
ported by 100 mg/100 ml G, 2 successive periods of 
hypoxia were induced, each followed by 60 minutes of 
reoxygenation. Control peak isometric tension (T) 
during normal oxygenation, 4.7 g/mm?, decreased to 1.2 
and 0.8 during successive hypoxic periods. Time to 
peak T (TPT) also decreased significantly (P <0.05). 
Two suecessive cycles of hypoxia-reoxygenation were 
studied in 7 additional muscles: 100 mg/100 ml G was 
utilized for the first and 1,000 mg/100 ml G for the 
second hypoxic period. Control T and TPT before hy- 
poxia decreased to 18% (4.8 to 0.8 g/mm?) and 64% 
(897 to 256 msec) with 100 mg/100 ml G. However, 
during support with 1,000 mg/100 ml G, hypoxia-in- 
duced reductions of T and TPT were attenuated (P 
« 0.05) to 27% (4.4 to 1.2 g/mm?) and 86% (361-309 
msec). In further studies on 6 additional muscles, aug- 
mentation of G from 100 mg/100 ml to 1,000 mg/100 
ml during hypoxia significantly increased T (0.7 to 1.1 
g/mm?, P <0.01) and TPT (240-290 msec, P <0.05). 
During hypoxia in 6 muscles, insulin (I) (200 mU/ml) 
alone administered during hypoxia-100 mg/100 ml G 
increased T from 1.5 to 1.8 (P <0.05). During hypoxia- 
1,000 mg/100 ml G, I increased T from 1.4 to 2.2 (P 
« 0.01). Increased glucose availability, achieved before 
or during hypoxia by G or I, enhances contractile func- 


tion of hypoxic myocardium and thereby may 
an additional means of support for the ische) 
ing heart. 


Potassium and Accelerated Purkinje Conduc! 


GARY J. ANDERSON, MD*; KALMAN GREENSPAN, P 
JOHN C. BAILEY, MD; CHARLES FISCH, MD, FACC, In« 
Indiana 


The purpose of this study was to delineate the 
physiologic mechanisms responsible for the | 
relation between elevation of perfusing p: 
(5.0-5.6 mEq/liter) and acceleration of co 
through the specialized conduction system of t] 
One mechanism is that K^ may suppress spol 
phase 4 diastolic depolarization. Impulses pro} 
through areas showing spontaneous phase 4 de 
tion demonstrated prolonged conduction time 
K* superfusion, suppression of automaticity » 
and impulse propagation was accelerated, 
mechanism for acceleration of conduction rel 
voltage time course of depolarization (phase 0 
ductivity. Plotting dv/dt against phase zero m 
potential provided the characteristic “phase pla 
When this loop was interrupted by a 5 psec til 
generator, its acceleration could be calculated. 
maximal rising velocities ranged from 350 to 6! 
sec associated with action potential accelerati 
18.7 to 21.0 megavolts/sec?. Increasing the p 
Tyrode K* to 10.8 mEq/liter resulted in enhanc 
mal rising velocities (+10 to +15%) occurrin 
sue chamber K* of 5.2 to 5.6 mEq/liter. The la 
associated with enhanced phase zero accelerati 
to +30% ), often to 25.0 megavolts/sec? and m 
enhanced action potential acceleration occurred 
ing potentials between —80 and —85 mv. It is $i 
that at these resting potentials the difference it 
between resting potential and threshold potent 
duced, thereby accounting for enhanced accelei 
phase zero. Thus, a faster rate of depolarizat 
act as a more effective and earlier stimulus t 
cent cells, thereby resulting in accelerated cor 
Further elevation of bath K* resulted in a ma 
in resting potential, phase zero acceleration, 
rising velocities and depression of impulse | 
tion. 


Effects of Acetylcholine on His-Purkinje Auton 
and Conduction 


JOHN C. BAILEY, MD*; KALMAN GREENSPAN, Pf 
MARCELO V. ELIZARI, MD; GARY J. ANDERSON, MD 
GIDDINGS, MD; CHARLES FISCH, MD, FACC, Inc 
Indiana 


This report describes the effects of acetylch 
small doses (4-8 pg/ml) on automaticity and 
tion within the canine proximal His-Purkinje 
The canine bundle of His and origins of botl 
branches were exposed in vitro while the pre 
was superfused continuously with oxygenated 
solution. Ultramicroelectrode impalement unde 
visualization was then accomplished. Following 
recordings of action potentials demonstratii 
tively steep spontaneous phase 4 depolarization 
dition of acetylcholine caused significant slo 
the spontaneous rate, as well as a decrease in 
of diastolic depolarization. Concomitantly, tak 
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tential and rate of rise of phase 0 increased. Stimulat- 
ing eleetrodes were then placed at various places on 
the proximal His-Purkinje system, and the prepara- 
tion was electrically stimulated at a cycle length 
slightly less than its spontaneous rate. Impalement of 
2 cells distal to the stimulating electrodes was then 
accomplished. After control conduction times were re- 
corded, acetylcholine was superfused into the bath. This 
caused a marked decrease in stimulus-to-microelectrode 
and interelectrode conduction times associated with a 
decrease in the slope of phase 4 and an increase in 
take-off potential and rate of rise of phase 0. Our 
studies indicate that the canine proximal His-Purkinje 
system is responsive to a significant degree to the nega- 
tive chronotropic effects of acetylcholine. This drug, 
by reducing the slope of phase 4 depolarization, hence 
increasing take-off potential, enhances conduction 
through this portion of the specialized conduction sys- 
tem. 


An Improved Mitral Valve Prosthesis 


ARTHUR C. BEALL, Jr., MD, FACC*; GEORGE C. MORRIS, Jr., MD, 
FACC; GEORGE P. NOON, MD, FACC; GEORGE J. REUL, Jr., MD; 
GENE A. GUINN, MD, Houston, Texas 


Approximately 5 years ago a Dacron® velour-covered 
Teflon®-dise mitral prosthesis was developed in an ef- 
fort to reduce thromboembolic complications of mitral 
valve replacement. A 12 to 28 month followup study of 
202 patients receiving these prostheses demonstrated 
an incidence of only 4.5% cf such complications. This 
low incidence now has been eonfirmed by many investi- 
gators, including Morse and associates, who reported 
their experience with this prosthesis at the 1971 An- 
nual Scientific Session of the American College of Car- 
diology. However, occasional edge wear of the original 
Teflon-dise necessitated change from extruded to com- 
pression-molded Teflon and thickening of the disc. AI- 
though significant wear of this modified disc has not 
been reported, a continuing search has been made for 
more durable materials. The most promising of these 
has been pyrolytic carbon, which has been used for both 
the disc and the struts of a similar prosthesis. Sacrifice 
of calves at intervals up to more than 9 months with 
scanning electron microscopic studies of the prostheses 
has demonstrated a disc and strut wear curve exceeding 
100 years before significant wear. 

Preliminary clinical investigations of the prosthesis 
have been associated with a low incidence of thrombo- 
embolic complications similar to that of the Teflon disc 
prosthesis, and these studies are continuing. Clinical 
use of this modified prosthesis now has been extended 
to several other centers. It appears to have significant 
advantages over currently available mitral prostheses 
and will be released generally in the early part of 1972. 


The Cardiac Hemodynamic and Metabolic Responses 
to Coronary Arteriovenous Bypass Surgery 


N. BEER, MD*; N. KELLER, PhD; C. APSTEIN, MD; S. KLINE, MD; 
E. TARJAN, PhD; ROBERT G. CARLSON, MD; NORMAN BRACH- 
FELD, MD, FACC, New York, New York 


Hemodynamic funetion and angiographic and electro- 
cardiographic parameters were monitored in control 
subjects and in patients with proved coronary artery 
disease (CAD) before and after a pacing-induced stress, 


Samples were drawn from the coronary sinus and left 
ventricle for analysis of glucose, lactate, sodium, potas- 
sium, free fatty acid (FFA), triglyceride and oxygen. 
14Carbon-FFA uptake and metabolism were evaluated. 
In 10 CAD patients studied at rest preoperatively, 
mean heart rate (HR) was 79 beats/min + 4 (SEM), 
left ventricular systolic pressure = 128 mm Hg + 7, left 
ventricular end-diastolic pressure (LVEDP) — 13 mm 
Hg + 2, time-tension index (TTI) = 1,004 + 73, cardiac 
index (CI) = 3.3 liters/m? + 0.2, total body O, con- 
sumption (QO5) = 132 ml/min per m? + 3, lactate ex- 
traction (LE) = 18% + 4. With pacing, HR increased 
75%, LVEDP +25%, TTI +64% and QO, +52%. 
Control subjects showed continuous lactate extraction 
during pacing. CAD patients showed immediate and 
persistent lactate production, but temporarily sup- 
pressed FFA extraction independent of arterial FFA 
cencentration, This was accompanied by an enhance- 
ment of 14CO, production and fractional oxidation of 
14C-F FA (coronary sinus-arterial **CO,/arterial-coro- 
nary sinus 4C-FFA). Throughout the study, both ex- 
hibited higher fractional extraction of !*C- than of 
12C-F FA. Pacing eliminated this difference in CAD pa- 
tients. Pacing induced an increase followed by a graded 
decline in FFA extraction in control subjects, the re- 
verse of the CAD pattern. 

In postoperative studies, following coronary arterio- 
venous bypass surgery, there were no significant hemo- 
dynamic or metabolie changes at rest, However, during 
pacing, LVEDP was 5995 less, and QO, and CI de- 
creased 21% and 28%, respectively. There was no sig- 
nificant lactate production. Studies revealed variations 
in ischemic carbohydrate and FFA metabolism during 
ischemia and suggest different regulatory controls. The 
surgical procedure enhanced aerobic metabolism, re- 
duced anaerobic glycolysis and improved left ventricu- 
lar function after a pacing-induced stress. 


Scimitar Syndrome with Anatomic Variations 


MEHDY BEHDAD, MD*; GORDON M. FOLGER, Jr., MD, FACC, 
Augusta, Georgia 


The constellation of anomalies consisting of venous 
drainage of the right lung from a single pulmonary 
venous trunk entering the inferior vera cava, a degree 
of hypoplasia of the right lung and its pulmonary ar- 
terial supply and systemic arterial supply to one or 
more segments of the right lung from the thoracic and 
abdominal segments of the aorta constitute minimal eri- 
teria for the scimitar syndrome (MSS). The variations 
of this abnormality and the malformations of the car- 
diovascular system which may complieate it have re- 
ceived considerably less attention than the malforma- 
tion itself. 

We have extensively studied by radicgraphic, angio- 
graphic and hemodynamic techniques 3 patients whom 
we consider represent the spectrum of malformations 
which should be included to comprise the syndrome in 
toto. The abnormality may, from these studies, be clas- 
sified into 3 aspects: (1) MSS without other associated 
abnormalities; (2) MSS with intracardiac abnormali- 
ties; and (3) MSS with systemic venous abnormalities. 
The patients included as representative examples of 
this classification have been found to have wide rang- 
ing variations in both the basic aspects of the syndrome 
and the complicating additional malformations. Analy- 
sis of the data discloses that patients with MSS may be 
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completely asymptomatic with minimal physiologic al- 
teration and that the associated malformations may, 
by their effect, give rise to or increase the symptoms. 
This abnormality is considered to represent a primitive 
condition embryologically in which the only apparent 
counterpart in nature occurs in certain teleost fishes 
and the lungfish. This aspect of the defect will be dis- 
cussed. 


Treatment of Ventricular Arrhythmias Occurring 
During Acute Coronary Artery Occlusion in 
Conscious Dogs 


G. DAVID BEISER, MD*; DOUGLAS R. ROSING, MD; JAMES V. 
TALANO, MD; RICHARD B. KARSH, MD; MARTIN H. MILLER, 
BSEE; STEPHEN E. EPSTEIN, MD, Bethesda, Maryland 


Since the majority of sudden deaths occurring after 
acute myocardial infarction (AMI) occur outside of 
hospitals and since these deaths are believed to be ar- 
rhythmic in origin, it has been suggested that the self- 
administration of atropine (A) or lidocaine (L) may 
effectively reduce mortality in AMI. To test the efficacy 
of these drugs in treating arrhythmias during the acute 
phase of AMI we studied 72 closed chest conscious dogs 
in which AMI was produced by inflating a balloon cuff 
previously implanted around the left anterior descend- 
ing artery. Ventricular arrhythmias developed in 52 
dogs either during occlusion or within 2 minutes of re- 
lease of occlusion. Arrhythmias were treated by (1) 
atrial pacing at 110 to 120/min, (2) A (to increase 
heart rate to a maximum of 125 beats/min), (3) L 
(2-3 mg/kg), and (4) A+L. Of the 18 dogs in which 
ventricular fibrillation (VF) developed, all had ectopic 
ventricular beats that followed a preceding beat 
(R-premature ventricular contraction [PVC] interval) 
by <0.43 sec. In treated dogs, arrhythmias were sup- 
pressed as shown in Table I. We conclude that although 


TABLE | 


Suppression of Arrhythmias 


R-PVC interval Pacing A L A+L 
>0.43 sec 10/12 11/14 3/8 2/3 
<0.43 sec 3/15 2/17 0/6 1/7 


these interventions successfully suppress most slow 
arrhythmias, they appear relatively ineffective in sup- 
pressing those faster arrhythmias that lead to precipi- 
tation of VF. 


Assessment of Aortocoronary Saphenous Vein Bypass 
Function Utilizing Selective Indicator-Dilution Curves 


ALBERTO BENCHIMOL, MD, FACC*; KENNETH B. DESSER, MD, 
FACC; JAMES SCHUMACHER, MD, Phoenix, Arizona 


Evaluation of aortocoronary saphenous graft function 
was performed with the selective indocyanine green 
indicator-dilution method in 20 postoperative patients. 
In addition, all subjects underwent complete left and 
right heart catheterization, selective coronary artery 
and bypass graft cineangiography. Selective indicator 
injections were made into the aortic root, diseased cor- 
onary artery and saphenous bypass graft with con- 
stant sampling at the main pulmonary artery. There 
were negligible electrocardiographic changes associ- 
ated with indicator injection. 
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The graft dilution curves obtained from such testin; 
were analyzed with respect to corrected appearance tim 
(AT), build-up time (BT), clearance time (CT), meal 
transit time (MTT), peak amplitude (PA) and contour 
When compared with aortic root indicator injection 
characteristic findings were: (1) patent graft with goo 
flow—early AT and BT, short CT and MTT with | 
high PA; (2) partially occluded graft with moderat 
flow—later AT and BT, longer CT and MTT, and lowe 
PA with notching, slurring and a “double humped 
ascending limb; (3) totally occluded graft with n 
flow—no difference from curves obtained with aorti 
root indicator injection. These alterations correlate 
well with evaluation of graft patency using selectiv 
saphenous graft angiography. Dye-dilution curves ob 
tained from injection of the bypassed coronary arterie 
permitted assessment of the disease in these vessel 
and the relative contribution of these vessels to myc 
cardial blood flow. The results indicate that this tech 
nique is safe and useful for the evaluation of bypas 
graft function. 


Wolff-Parkinson-White in the Neonate; 9 Cases 
Including 2 with Intrauterine Defects 


RUMBHA V. BHANDHUSAVEE, MD*; LINDA R. WALTERS, MI 
JACQUELINE A. NOONAN, MD, FACC, Lexington, Kentucky 


Wolff-Parkinson-White syndrome (WPW) was diag 
nosed in 9 neonates aged 5 hours to 26 days. Of 4 with 
out associated congenital heart disease (CHD), 2 ha 
intrauterine tachycardia and were born with cardia 
failure; in 2, paroxysmal atrial tachycardia (PAT) de 
veloped at age 2 and 11 days, respectively. All 4 ha 
type A WPW. On followup study, WPW disappeared i 
3 and persisted in 1. Five patients had WPW with as 
sociated CHD. Cardiac diagnoses were confirmed in a 
and included 2 cases of complete transposition of th 
arteries and 1 each of corrected transposition, paten 
ductus arteriosus with multiple noncardiac anomalies 
and aortic valve atresia. WPW was of type B in 4 0 
the 5 neonates and has persisted on followup study i 
the 3 survivors. 

Review of 35 cases of WPW in the neonate includin 
26 from the literature and these 9 cases showed tha 
WPW in the neonate is frequently complicated by PA’ 
which leads to congestive failure. Of 25 neonates witt 
out CHD the majority were male (78%); the WPV 
was usually type A (85%); all but 2 had documente 
PAT; and on followup study WPW had disappeared i 
43%. Of the 10 cases of WPW with associated CHI 
all were male; WPW was of type B in 78%; only 
(30%) had PAT; and WPW persisted on followu 
study in the 5 survivors. 

In summary, WPW in the neonate without assoc 
ated CHD is usually of type A and often transien 
Type B WPW should suggest associated CHD. Th 
variety of lesions reported indicates that cyanosis ass¢ 
ciated with WPW does not always mean Ebstein’s ma 
formation as has been previously suggested. 


Congenital Polyvalvular Disease 


SAROJA BHARATI, MD*; MAURICE LEV, MD, FACC, Chicag 
Illinois 


Diffuse involvement of all the valves, or what we ar 
calling congenital polyvalvular disease, was observed i 
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-= 25 of the 3,400 congenitally abnormal hearts seen in 


this center in the last 14 years. The common feature in 
this entity was marked thickening and deformity of the 
valves, with redundant tissue and marked nodularity. 
This involved mostly the tricuspid and pulmonic valves, 
less the mitral and least the aortic valve. The pulmonic 
and aortic valves were in many instances bicuspid or 
unicuspid. The changes noted were too severe and bi- 


-~ zarre to be attributed to hemodynamic stress. Micro- 


scopic examination of the valves revealed marked pro- 


— liferation of spongiosa. This disease could be classified 
= into 4 groups: (1) with shunt, 14 cases; (2) with ob- 
_ struction, 2 cases; (3) with obstruction and shunt, 8 
— cases; and (4) without obstruction or shunt, 1 case. 


"Congenital polyvalvular disease was associated with 
multiple congenital abnormalities. In 4 cases trisomy 18 
was proved. Clinically, trisomy 18 was suspected in 12 
additional cases because of the low-set ears, peculiar 
looking facies and other manifestations typical of tri- 


Ssomy 18, but chromosomal studies were not performed. 


In 1 ease, the mother had had rubella in the first tri- 
mester of pregnancy; in another, the mother was dia- 


betic, and in still another the mother had rheumatic 
heart disease. Three cases were associated with glyco- 


gen storage disease, and in 1 both glycogen storage dis- 


ease and proved trisomy 18 were found. 
We believe that polyvalvular disease constitutes a 
distinet entity related to trisomy 18. 


Learned Control of Ventricular Rate in Patients with 
Atrial Fibrillation 


X EUGENE R. BLEECKER, MD*; BERNARD T. ENGEL, PhD, Balti- 
more, Maryland 


Normal men can be trained to slow, speed and cycli- 


-~ cally slow and speed heart rate (HR) when provided 


electronic feedback about their HR on a beat to beat 


- basis. Feedback consists of a light display which turns 
on when the subject correctly modifies HR and turns off 


when he does not. HR control in normal sinus rhythm 
occurs by modification of the sinus pacemaker. HR in 
complete heart block cannot be modified voluntarily. 
The purpose of this study was to determine whether 
learned HR control can be mediated at the atrioven- 


- tricular (A-V) node. 


Six patients with atrial fibrillation (AF) receiving 
maintenance doses of digitalis were trained to slow and 
speed ventricular rate (VR). Two subjects consistently 
slowed VR; 2 subjects consistently speeded VR; and the 
other 2 subjects reliably slowed and speeded VR. All 
subjects were able to cyclically control VR during se- 
quential slowing and speeding phases of training ses- 
sions. Analyses of R-R interval histograms revealed 
that all subjects significantly changed the statistical 
frequency distribution of their R-R intervals. During 
VR slowing 1 subject generated a junctional escape 
rhythm. Another subject produced frequent premature 
ventricular contractions during VR speeding under 
effective beta adrenergic blockade with propranolol. 

This control of VR in AF is neurally mediated at the 
A-V node. Studies with autonomic drugs indicate that 
central nervous system control of VR in AF usually 
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occurs through activation of efferent cholinergic path- 


ways. 


Functional Development of the Coronary Collateral 
Circulation During Acute Myocardial Infarction in 
the Conscious Dog 


COLIN M. BLOOR, MD, FACC*; FRANCIS C. WHITE, BS, La Jolla, 
California 


We studied changes in the coronary collateral circula- 
tion during acute myocardial infarction in 14 conscious 
degs by (1) determining simultaneous changes in pe- 
ripheral coronary pressure (PCP) and retrograde flow 
(RF) after abrupt coronary artery oeclusion; (2) corre- 
lating these functional indexes with quantitative ana- 
tomic indexes of coronary collateral development 
(Menick et al. Amer Heart J 82: 503-510, 1971); and 
(3) observing changes in these indexes after repeated 
occlusions of a coronary artery. These dogs were sub- 
jected to left circumflex eoronary artery (LCCA) occlu- 
siens for 2 hours to 8 days, and had pressure tubes im- 
planted in the aorta and LCCA, the latter tube placed 
distal to an occlusive cuff for PCP and RF measure- 
ments. The animals were then killed, their hearts in- 
jected with a modified Schlesinger’s gelatin mass and 
AI determined. 

During 2 to 24 hour LCCA occlusions (11 dogs) 
mean PCP increased to levels of 50 to 80% of prevail- 
ing aortic pressure. During repeated 2 to 24 hour oc- 
clusions (2 dogs) in the same dog the rate of PCP rise 
increased. RF was unchanged during 2 to 24 hour oc- 
clusions. Anatomic indexes of these dogs were in the 
Same range observed in control dogs that did not un- 
dergo occlusions. When LCCA occlusion was main- 
tained for more than 4 days (3 dogs), mean PCP in- 
creased during the first 24 hours and then remained 
stable. RF did not change until 4 days of occlusion and 
then increased. Anatomic indexes of dogs undergoing 
occlusion for more than 4 days were significantly 
greater (P <0.001) than those of dogs undergoing oc- 
clusion for 2 to 24 hours. 

Our study shows (1) that the early PCP rise after 
occlusion is not associated with an increase in RF; (2) 
that RF is a better index of collateral function; and (3) 
that RF correlates well with the anatomic development 
of the collateral bed. 


The Value of Continuous Monitoring of Cardiac 
Muscle Performance 


HOOSHANG BOLOOKI, MD, FRCS (C), FACC*; ALI GHAHRAMANI, 
MD; LEONARD SOMMER, MD, FACC; LOUIS LEMBERG, MD, 
FACC; KATHLEEN BOCCABELLA, RN, Miami, Florida 


The left ventricular contractility as expressed by iso- 
metric maximal velocity of contractile elements shorten- 
ing (Vmax) was calculated at frequent intervals, be- 
fore and after cardiac operation in 15 patients, and in 
1 patient during cardiac catheterization. The calcula- 
tions were based on readings of the left ventricular 
pressure (P) and its first derivative (dp/dt) obtained 
from an indwelling high fidelity pressure tip catheter 
transducer. Vmax was extrapolated from the contrac- 


tile element velocity (VCE) curve by application of . 
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a 2-component muscle model and using the formula 
VCE = oo (K = 28). Retrospective analysis of 
data, obtained for an average of 3 days postoperatively, 
showed that among 7 patients undergoing aortocoro- 
nary bypass graft with preoperative mean Vmax of 1.07 
+ 0.13 circumferences/sec, there was no statistically 
significant change in myocardial contractility for up 
to 72 hours after the operation. In 7 patients having 
aortic valve replacement, immediately after surgery 
the Vmax decreased from control value of 0.88 + 0.09 
to 0.63 + 0.5 (P <0.05), but returned to control 6 
hours after the operation. In 2 patients who experi- 
enced acute myocardial ischemia and infarction after 
coronary surgery and during cardiac catheterization, 
there was an associated decrease in Vmax relative to 
the extent of cardiac muscle loss. In 2 other patients, 
who eventually died because of progressive heart pump 
failure following cardiac value surgery, the Vmax 
gradually declined and remained at a low value in spite 
of therapy with digitalis or isoproterenol infusion. 
These studies indicate that in selected patients it is 
possible to obtain serial valid data on myocardial con- 
tractility which may serve as diagnostic and predic- 
tive indexes. 


Progression of Proximal Coronary Arterial Lesions to 
Total Occlusion After Vein Graft Surgery and Its 
Effects 


GEORGE BOUSVAROS, MD, FACC*; MUHAMMAD A. CHAUDHRY, 
MD; ABDUL R. PIRACHA, MD, Albany, New York and Charleston, 
West Virginia 


Four patients with severe angina had 6 vein bypass 
grafts placed for 1 complete and 5 severe but incom- 
plete (90%) proximal coronary arterial narrowings. 
Coronary angiography 6 months after surgery showed 
no forward passage of opaque medium past the 5 pre- 
viously incomplete stenotic points. Injection of the 
grafts demonstrated that they were patent and pro- 
viding good distal filling. In 2 patients, after graft in- 
jection, there was retrograde opacification up to and 
even beyond the points at which there was no antegrade 
passage of dye, thereby indicating that there was no 
anatomic occlusion but rather hindrance to forward 
flow by restoration of pressure in the post-stenotic seg- 
ment. Both these patients experienced significant and 
sustained relief from their angina, In the other 2 pa- 
tients no such retrograde opacification was demonstra- 
ble, thus suggesting that anatomic complete occlusion 
had developed. These 2 patients experienced recurrence 
of angina after some initial improvement, and 1 sus- 
tained an anterolateral myocardial infarction despite 
apparently good perfusion of the distal anterior de- 
scending artery by the graft. 

These observations confirm previous reports of rapid 
progression of proximal lesions after distal coronary 
vein graft surgery and raise the possibility that the 
bypass may play a causative role. In 1 patient the func- 
tioning venous graft did not prevent the occurrence of 
a myocardial infarction in the territory of the bypassed 
artery, a premise upon which recommendations are 
based for prophylactic coronary arterial surgery in pa- 
tients with few or no symptoms. 
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Rapid On-Line Computer Determination of Left 
Ventricular Contractility During Pacemaker 
Tachycardia in Man 


ALLEN F. BOWYER, M.D.*; RONALD L. ALLEN; ROY V. JUTZY, 
MD, FACC; VARNER J. JOHNS, Jr., MD, FACC, Loma Linda, Cali- 
fornia 


Currently, the determination of left ventricular con- 
tractility (LVC) is a laborious process. Over 100 
studies in 12 patients demonstrated LVC computation 
by determining Vmax continuously in real-time by 
utilizing a novel computer graphics program. Left ven- 


tricular pressure (LVP) and its first temporal deriva- — 
tive (dp/dt) were recorded via transducer tip cathe- | 


ters (P866). 
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A process control computer (EMR 6130) continu- 
ously calculated contractile element velocity (CEV) 


from these digitized signals via the equation relation- 
ship CEV = (dp/dt)/32:(LVP). As LVP and dp/dt 
data points were obtained, the relation of CEV vs. LYP 
for isovolumetrie contraction was plotted on a graphics 
terminal. Maximal dp/dt, time to peak tension, CEV at 
5 mm Hg LVP, CEV maximum, and CEV extrapolated 
to 0 LVP (Vmax) were displayed on the CEV vs. LVP 
plot. Each complete contractility computation and plot 
required 3 seconds in comparison to 30 minutes by usual 
methods. Data on cardiac output (CO), ventricular 
volume and ejection fraction (EF) were simultaneously 
obtained at rest and during right atrial pacing (rates 
from 100 to 180/min). Six patients had diminished LVC 
(D) with EF < 0.40; 6 patients of similar age and 
weight had normal contractility (N) EF > 0.55. At the 
example heart rate of 120/min no significant difference 
between N and D for CO, LVP or maximal dp/dt was 
found, CEV at 50 mm Hg LVP for N (mean 0.84, SE 
+0.10) was greater than for D (0.59 + 0.04) (P 
<0.05) ; this difference increased with pacing. Maximal 
CEV was not significantly different for the 2 groups at 
rest but became so with tachycardia. CEV extrapolated 
to 0 LVP (Vmax) was significantly larger for N (1.18 
+ 0.14) than for D (0.79 + 0.09) (P <0.05). With pace- 
maker tachycardia N (1.51 + 0.13) increased to larger 
extent than D (0.96 + 0.06) (P <0.005). 

Thus, rapid computer determination of CEV yields 
measures of contractility more sensitive to myocardial 
change than CO, LVP or dp/dt max. Vmax with tachy- 
cardia provided the most sensitive contractility mea- 
sure for our groups. 


Myocardial Infarct Size in Man Assessed by Serial 
Serum Creatine Phosphokinase Changes 


GERALD F. BRESNAHAN, MD*; WILLIAM E. SHELL, MD; BURTON 
E. SOBEL, MD, FACC; RICHARD D. YODER, MD, La Jolla, California 


To ascertain whether infarct size is a critical determi- 
nant of prognosis in man, it was assessed quantita- 
tively in 25 patients with acute myocardial infarction. 
We have recently developed à method to measure in- 
farct size in the conscious dog by analysis of serum 
creatine phosphokinase (CPK) changes with respect to 
CPK distribution space, disappearance rate, myocar- 
dial degradation, and release into the circulation and 
have validated the method by measurement of myocar- 
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dial CPK depletion in the same animals. In the present 
study, CPK activity (determined spectrophotometri- 
cally) and isoenzyme profiles (assayed electrophoreti- 
cally) were measured in patient serum samples ob- 
tained every 2 hours. Infarct size was determined by 
mathematical analysis of serial CPK changes utilizing 
the method previously developed in the conscious dog 
model. CPK isoenzyme profiles demonstrated prominent 
anodal bands, absent from normal serum, indicating 
that enzyme elevations reflected CPK released from 
heart rather than skeletal muscle. In 15 survivors in 
class I and II (New York Heart Association), infarct 
size was 24 + 4.1 g (mean + SE). It was significantly 
larger, 68 + 5.2 g, in 10 patients who died with conges- 
tive heart failure or survived in class III or IV (P 
«0.01). All 5 patients with infarcts associated with 
single peaks of myocardial CPK release survived in 
class I and II, whereas 8 of 20 patients with serial CPK 
results demonstrating repeated bouts of necrosis died. 
Determination of cumulative infarct size differentiated 
patients with extension of infarction from those with 
electrocardiographic changes and clinical sequelae from 
complications such as pericarditis. Thus, infarct size 
can be determined quantitatively in patients with acute 
myocardial infarction, providing a useful diagnostic 
and prognostic index based on the extent of myocardial 
damage. 


Healed Valvular Infective Endocarditis 


NEIL A. BUCHBINDER, MD*; ANDREW G. MORROW, MD, FACC; 
WILLIAM C. ROBERTS, MD, FACC, Bethesda, Maryland 


Of 29 necropsy patients with healed valvular infective 
endocarditis (IE), active IE had occurred on previously 
anatomically abnormal valves in 24 (83%), 9 of whom 
had congenitally bicuspid aortic valves. Vegetations 
had involved the aortic valve alone in 17 patients, the 
mitral valve alone in 4 and both valves in 8. The causa- 
tive organisms were Streptococcus sp. in 14 patients 
and Staphylococcus sp. in 5. All 29 patients had valvu- 
lar dysfunction during and after active IE; 27 had 
congestive heart failure (CHF). Active IE caused or 
contributed to the valvular dysfunction in at least 22 
patients. In no patient did CHF develop de novo after 
cure of active IE but, in each, progressive intractable 
CHF occurred leading to death (12 patients), or to op- 
eration with subsequent death (17 patients). Focal 
myocardial fibrosis occurred in 24 patients (92%) and 
focal necrosis in 9 (834%). Microscopic-sized myocar- 
dial lesions were frequent but were not major factors 
in causing CHF in patients with healed IE. Patients 
surviving active IE tended to have the infection on pre- 
viously abnormal valves, and the organisms were usu- 
ally relatively nonvirulent. Of 57 other patients who 
died during active IE, the infection was usually (61%) 
on previously normal valves, and the organisms were 
usually highly virulent. 


A Study of the Ventricular Activation Process in 
Preexcitation Syndrome Using His Bundle and 1 mm 
Apart Bipolar Electrograms 
CESAR A. CASTILLO, MD*; AGUSTIN CASTELLANOS, Jr., MD, 
FACC; ROBERT J. MYERBURG, MD; ABDUL S. AGHA, MD, Miami, 
Florida 
Bipolar catheter leads with interelectrode distances of 
1] mm were used to determine arrival of excitation at 
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the His bundle area, right ventricular apex (RV A) and 
right ventricular outflow tract (RVOT). Four patients 
with Wolff-Parkinson-White (WPW) syndrome were 
studied (8 with type A and 1 with type B). The hall- 
mark of exclusive “E” or predominant “P” accessory 
bundle conduction (ABC) was the inscription of a for- 
ward H deflection after the onset of ventricular (V) 
depolarization. In the patient with WPW type B the 
V-RVA and RVA-RVOT intervals measured 20 and 10 
msec, respectively, in beats with pure His bundle con- 
duction, and 0 and 60 msec, respectively, during ABC. 
Hence, the RVA was activated by the impulse descend- 
ing through the right branch in the former instance, 
and from the relatively close preexcited area during 
ABC. The 3 patients with WPW type A had QRS com- 
plexes resulting from (1) “E” His bundle conduction 
with normal intraventricular conduction, (2) “E” His 
bundle conduction with right bundle branch block, 
and (3) “E” or “P” ABC. In (1) there were normal 
H-V, V-RVA and H-RVA intervals. During (2) the 
V-RVA interval was prolonged, indicating that the 
RVA was activated by the impulse descending through 
the left bundle system (after crossing the septum). On 
the other hand, “fusion” beats with “P” ABC had nor- 
mal H-RVA intervals, suggesting that the RVA was 
excited through the right branch. Finally, during “E” 
ABC significant prolongation of the V-RVA indicated 
that the RVA was nct depolarized through the right 
branch, or left bundle systems, but from the preexcited 
area, It is concluded tnat His bundle and local electro- 
grams have enhanced knowledge of intraventricular 
conduction in the preexcitation syndrome. 


Influence of Aortocoronary Artery Bypass on Left 
Ventricular Asynergy 


KANU CHATTERJEE, MB, MRCP*; WILLIAM W. PARMLEY, MD, 
FACC; H. SUSTAITA, MD; JACK M. MATLOFF, MD, FACC; HAROLD 
J. C. SWAN, MD, PhD, FACC, Los Angeles, California 


Segmental systolic contraetion patterns (anterior wall 
motion [AWM], apical motion [APM] and inferior 
wall motion [[WM]) were determined from single plane 
right anterior oblique cineangiograms before and after 
aortocoronary artery bypass surgery in 19 patients 
with coronary disease, and were compared to those of 
6 normal control subjects. In patients with normal pre- 
operative segmental contraction patterns, no signifi- 
cant change was observed postoperatively. In 8 patients 
AWM (4-30%, mean 19%) was less than normal 
(range 31-63%, mean 52%). In 5 of these, AWM re- 
turned to normal range after successful aortic-left an- 
terior descending (LAD) coronary artery bypass. In 1 
patient with old anterior infarction, 1 with unsuccess- 
ful LAD bypass and 1 with RCA bypass only, AWM 
remained unchanged postoperatively. In 12 patients 
(10 with LAD and 2 with left circumflex disease), APM 
(range 3-3095, mean 14%) was less than normal (26- 
40%, mean 33%) preoperatively. Following appropri- 
ate brpass, APM returned to the normal range in 9 of 
12 patients. In 2 with unsuecessful LAD bypass, APM 
was reduced and in 1 with RCA bypass was unchanged. 
In 7 patients, IWM (9-25%, mean 14%) was less than 
normal (27-54%, mean 41%) preoperatively. In 3, 
after successful coronary artery bypass, IWM returned 
to the normal range. Of the other 4 patients, in 3 with 
previous inferior infarcts, IWM remained unchanged. 
In 1 without previous infarct and with successful by- 
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pass, no change occurred. These findings indicate that 
in patients with left ventricular asynergy not due to 
infarct, appropriate aortocoronary bypass can improve 
segmental contraction patterns. 


Comparison of the Beta Adrenergic Blocking 
Properties and Negative Inotropic Effects of 
Oxprenolol and Propranolol in Patients 


YVES CHOQUET, MD*; ROBERT J. CAPONE, MD; DEAN T. 
MASON, MD, FACC; EZRA A. AMSTERDAM, MD, FACC; ROBERT 
ZELIS, MD, FACC, Davis, California 


The effectiveness of beta receptor antagonists as potent 
antiarrhythmic agents has prompted considerable ef- 
fort in developing newer compounds with attenuated 
negative inotropic properties so that their usefulness 
can be extended to patients with reduced myocardial 
reserve. Thus, the inotropic and beta blocking proper- 
ties of oxprenolol (Ox) were evaluated in 8 patients at 
diagnostic left heart catheterization and compared with 
propranolol (Prop) in 6 additional subjects. Fifteen 
minutes after intravenous administration of Ox (5 
mg), heart rate (HR) slowed significantly from 74.7 to 
65 beats/min (P <0.01). However, left ventricular end- 
diastolic pressure (LVEDP) (11.3-11.1 mm Hg) and 
stroke volume index (SI) (41-39.4 ml/m?) were un- 
changed (NS). In contrast, Prop (5 mg intravenously) 
significantly reduced HR (78.2-65.2, P « 0.01) and in- 
creased LVEDP (9.7-14.8, P <0.01), without changing 
SI (38.4-38.8, NS), thus suggesting a reduction in myo- 
cardial contractility. The first derivative (dp/dt) of 
high fidelity left ventricular pressure (LVP) at 50 mm 
Hg (dp/dt [50]) was unchanged after Ox (1,277-1,185 
mm Hg/sec) but was reduced by Prop (1,545-1,330, 
P <0.02). Contractile element velocity (VCE = dp/dt/ 
32-developed LVP) plotted against instantaneous de- 
veloped LVP and extrapolated to 0 LVP (Vmax) was 
unchanged after Ox (1.02-1.02 muscle lengths/sec, NS) 
but was significantly reduced after Prop (1.38-1.28, 
P <0.02). At this dose, both drugs are equipotent beta 
blockers; Ox attenuated the isoproterenol-induced (1 
ug intravenously) increase in HR 78%, dp/dt [50] 
93% and Vmax 9396, similar to Prop (78, 98, and 
100%, respectively). Therefore, in equivalent mg and 
beta blocking doses, Ox appears to possess consider- 
ably less negative inotropic effect than Prop. 


The Clinical Triad of Traumatic Ventricular Septal 
Defect, Occlusion of Left Anterior Descending 
Coronary Artery and Ventricular Aneurysm 


LAWRENCE S. COHEN, MD, FACC*; DEAN T. MASON, MD, FACC; 
EZRA A. AMSTERDAM, MD, FACC; WILLIAM C. ROBERTS, MD, 
FACC; J. EDWARD ROSENTHAL, MD; ROBERT F. ZELIS, MD, 
FACC, Bethesda, Maryland, New Haven, Connecticut, and Davis, 
California 


Although it is appreciated that acquired ventricular 
septal defect (VSD) can result from acute myocardial 
infarction, particularly with occlusion of the left an- 
terior descending coronary artery (LAD), it is not 
well recognized that VSD can occur with both penetrat- 
ing and blunt chest trauma. VSD may develop acutely 
or several days after the trauma. Five consecutive pa- 
tients with traumatic VSD (1 blunt, 4 penetrating) 
were catheterized including left ventricular and coro- 
nary angiography. The average pulmonic to systemic 
flow ratio was 2:1, with shunting clearly documented at 
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the ventricular level. Three patients also had a left 
ventricular aneurysm, and 2 had localized occlusion of 
the LAD. It appears that closed or penetrating injury 
to the anterior precordium which produces a VSD, may 
interrupt the LAD. The ventricular aneurysm results 
from the LAD oeclusion or from the associated myo- 
cardial trauma itself. Thus when traumatic VSD oc- 
curs because of blunt or penetrating injury, the re- 
maining components of the clinical triad (LAD occlu- 
sion and ventricular aneurysm) should be anticipated, 
diligently sought, and considered in the management of 
this defect. 


Ultrasound Determination of Mean Fiber-Shortening 
Rate in Man 


RONALD COOPER, BS; JOEL S. KARLINER, MD*; ROBERT A. 
O'ROURKE MD; KIRK L. PETERSON, MD; GEORGE LEOPOLD, 
MD, La Jolla, California 


Recently it has been shown that cineangiocardiographic 
measurement of the mean rate of circumferential fiber 
shortening (MRFS) at the minor left ventricular equa- 
tor is a reliable method for evaluating the mechanics of 
cardiac performance. However, an accurate noninvasive 
method for assessing left ventricular myocardial me- 
chanics would be desirable. Accordingly, in 16 patients 
the MRFS in the plane perpendicular to the interven- 
tricular septum and left ventricular posterior wall was 
measured by reflected ultrasound, and compared with 
the MRFS derived from a cineangiocardiogram per- 
formed within 24 hours of the ultrasound determina- 
tion. The MRFS by ultrasound averaged 1.0 cireumfer- 
ences/sec (range 0.54 to 1.44) and correlated well with 
the MRFS measured by angiography (r = 0.90, P 
« 0.01). 

The ultrasound technique detected abnormal myocar- 
dial function in 98% of patients. One additional pa- 
tient with marked anterior wall dyskinesis and a re- 
duced MRFS by angiography had a normal MRFS by 
ultrasound. The ejection fraction (EF) derived from 
ultrasound measurements averaged 0.55 (range 0.33 to 
0.77) and correlated significantly with the EF calcu- 
lated by cineangiography (r — 0.85, P «0.01). By ul- 
trasound, EF correlated well with MRFS (r — 0.96, 
P <0.01), and by cineangiography the correlation was 
also significant (r = 0.90, P <0.01). The average maxi- 
mal velocity of posterior wall motion was 4.2 cm/sec 
(range 1.9 to 6.4) and did not consistently distinguish 
normal from impaired cardiac function. It is concluded 
that in the absence of marked anterior wall dyskinesis, 
ultrasound measurement of MRFS is a reliable nonin- 
vasive technique for the evaluation of left ventricular 
performance. 


Production of a Myocardial Depressant Factor in 
Shock Following Acute Myocardial Infarction: 
Preliminary Evaluation of Treatment With 
Methylprednisolone 
RICHARD S. CRAMPTON, MD, FACC*; S. L. WANGENSTEEN, MD; 
W. L. LOVETT, MD; J. N. MORRIS, Jr., BA; R. H. HARRIS, MD; R. 
WEITZMANN, MD; T. M. GLENN, PhD; A. M. LEFER, PhD, Char- 
lottesville, Virginia 
In 13 of 15 patients with cardiogenic shock (CS) after 
acute myocardial infarction (AMI), plasma concentra- 
tions of a myocardial depressant factor (MDF, normal 
15-25 units) and cathepsin D or B-glucuronidase were 
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elevated in all cases. Treatment with methylpredniso- 


lone (MP), 30 mg/kg per 24 hours, was related to 
mean arterial blood pressure (MABP), urine flow, 
plasma MDF and survival before treatment, at 4 hours 


and during convalescence. Five patients treated con- 


ventionally died; 3 showed elevated plasma MDF at 40, 


. 54 and 58 units, respectively. In 10 before MP treat- 


ment, the mean plasma MDF was 45 + 8 SEM units 


which fell to 31 + 4 (P <0.01) 4 hours after initiation 


of MP treatment. In 3 survivors, MDF was normal 2 
weeks or more after recovery from CS. Thirteen of 15 


. patients had low MABP (70 mm Hg or less) at the 


initial sample of MDF. The MABP in the 10 treated 
with MP was 52 + 6 SEM mm Hg before treatment, and 
4 hours after MP was 66 + 8 (no significant differ- 
ence). In the 5 (50%) who survived with MP treat- 
ment, the MAPB was 57 + 7 initially and 80 + 6 mm 
Hg (P «0.05) 4 hours after initiation of MP. Mean 
urine flow was 7 + 3 SEM ml/hour before treatment 
for all 15 patients. In the 10 treated with MP, mean 
urine flow rose to 70 + 24 ml/hour 4 hours after on- 


set of treatment (P <0.02). 


The fall in plasma MDF and increase in urine flow 


suggests that administration of MP leads to dimin- 
ished production of MDF and possibly to increased ex- 


cretion of MDF via the kidneys. The results suggest 
that MDF and lysosomal hydrolases may be important 
in the pathogenesis of CS. Survival was 50% with 
treatment with MP; CS mortality with conventional 
treatment in this unit is 88%. Since MP appears to 
reduce plasma MDF during amelioration of CS, gluco- 
corticoids may have positive value in achieving sur- 
vival in certain cases of CS due to AMI. 


. The Effect of Glucagon on the Ventricular Response in 


Atrial Fibrillation—4A Possible Hazard 


CHARLES L. CURRY, MD*; JOSEPH E. HINDS, MD, PhD; EDWARD 
W. HAWTHORNE, MD, PhD, FACC, Washington, D. C. 


We studied the comparative effects of glucagon, oua- 
bain, norepinephrine and combined atropine and pro- 
panolol on left ventricular (LV) function, mean cycle 
length and mean ventricular rate in awake conscious 


dogs during experimental atrial fibrillation (AF) pro- 
- duced by bipolar left atrial stimulation at 20 Hz, 5 v, 


~ and 3 msec duration. Nine dogs were studied 9 to 60 
. days after surgery. Simultaneous recordings were 
. made of dLnP/dt, dp/dt, LV pressure, left atrial pres- 


sure, LV internal diameter, the left atrial electrogram 


and LV electrogram. An analysis was then made of 400 
or more consecutive cycles during the control period 


TABLE ! 
Observed Changes 








Average Total Average 
Cycle Length Ventricular 
Intervention (msec) Rate/Min 
Control 602 97 
Ouabain (20 mg/kg) 646 93 
Norepinephrine 
(1.5 mg/kg per min) 522 115 
Atropine (2 mg) + 
propranolol (12 mg) 316 190 
Glucagon (50 mg/kg) 176 340 
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and after each intervention. The observed changes in 
average ventricular rate and average total cycle length 
are listed in Table I for each intervention. 

During periods of AF, glucagon caused the ventricu- 
lar rhythm to become regular, and the ventricular rate 
rose to 340 beats/min. Apparently this effect was due 
te the ability of glucagen to increase the rate of atrio- 
ventricular conduction and decrease the duration of 
the “concealment zone" during fibrillation. Glueagon 
administration may be hazardous in patients with AF. 
The hemodynamic and electrophysiological implications 
of these findings will be discussed. 


Adenyl Cyclase Activity in Experimental Myocardial 
Hypertrophy 


ANTHONY F. CUTILLETTA, MD*; OTTO G. THILENIUS, MD, PhD; 
RENE A. ARCILLA, MD, FACC, Chicago, Illinois 


Adenyl cyclase activity (ACA) was measured in ex- 
perimental myocardial hypertrophy produced by supra- 
valvar aortic narrowing in mature female rats. The 
ascending aorta was constricted to approximately 3096 
of original size, producing peak systolic gradients of 
70 to 80 mm Hg between the left ventricle (LV) and 
aorta. Studies at 1 and 24 hours failed to reveal in- 
creased LVED pressure or other signs of congestive 
heart failure. Left ventricular mass increased by 10% 
in 24 hours as compared to sham operated controls. 
Ribonucleic acid (RNA) polymerase activity increased 
by 10% at 12 hours, and by 30 to 40% at 24 hours. No 
increase in RNA synthesis was detected at 1 hour. ACA 
in the LV began to decrease by 1 hour and became sig- 
nificantly less than that of sham controls at 24 hours 
(227 + 14 vs. 257 + 21 pmoles cyclic adenosine mono- 
phosphate [AMP] protein per 10 minutes of incuba- 
tion [P <0.05], respectively). ACA of LV tended to be 
lower than that of right ventricle (RV) in the sham 
operated animals (P 70.10). This difference was sig- 
nificant in the constricted animals at 1 hour (RV 225 + 
14, LV 195 + 19, P <0.05) and 24 hours (RV 284 + 29, 
LV 227 + 14, P <0.05). Decrease in ACA has been re- 
ported in experimental congestive heart failure. How- 
ever, our animals did not manifest definite cardiac 
failure. Cyclic AMP, the end product of adenyl cyclase, 
has also been implicated in the stimulation of RNA 
polymerase activity. In our studies RNA polymerase 
stimulation appeared to occur while adenyl cyclase ac- 
tivity was depressed. These findings suggest that RNA 
synthesis during experimental hypertrophy is not nec- 
essarily dependent on adenyl cyclase activity. 


Objective Index of Hemodynamic Status for 
Quantitation of Severity and Prognosis of Shock 
Complicating Myocardial Infarction 


PROTASIO DA LUZ, MD*; ABDELMONEM A. AFIFI, PhD; VINNIE 
LIU, MS; S. HERBERT SHUBIN, MD, FACC; MAX HARRY WEIL, 
MD, PhD, FACC, Los Angeles, California 


The relative importance of individual and groups of 
hemodynamic indexes was assessed in 30 patients with 
acute myocardial infarction and shock. This study up- 
dates a preliminary report presented at this meeting in 
1967. Patients were observed over an average period of 
25 hours. Hemodynamic measurements obtained from 
each patient included values for intraarterial systolic, 
diastolic (DP) and mean pressures, central venous 
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pressure, heart rate, cardiac index (CI) and stroke 
index (SI), vascular resistance, mean circulation and 
appearance times of dye and central blood volume 
(CBV). Six patients survived, and 24 died. Individual 
measurements reflecting SI or CI were more reliable 
than measurements of arterial pressure as indicators 
of survival. Changes in arterial pressure were of limited 
value in reflecting changes in flow, with correlations 
ranging from —0.28 to +0.04. 

Sets of observations from survivors and from pa- 
tients who died were compared by use of discriminant 
function (DF) analysis. With the use of 3 hemody- 
namic variables, SI, DP and CBV, in each observation 
set, the outcome was predicted with an estimated ac- 
curacy of 91%. However, only 2 variables, SI and DP, 
contributed significantly to the DF, giving a reliability 
of 88%. The DF based on these variables was DF = 


0.23104 SI + 0.13447 DP. DF analysis was then used 


to assess the reliability of subsets of variables. Among 
these, subsets that included the value for SI or CI 
showed greater ability to predict outcome than subsets 
in which values of other variables were substituted. A 
theoretical estimate of probability of survival (PS) 
was derived for any value of the DF. The DF, or its 
equivalent, PS, serves as an indicator of the severity 
of shock. We anticipate practical application of these 
prognostic measurements for selection of patients who, 
after onset of pump failure, are to be candidates for 
assisted circulation or emergency surgical treatment. 


Plasma Volume in Shock Associated with 
Myocardial Infarction 


PROTASIO DA LUZ, MD*; S. HERBERT SHUBIN, MD, FACC; MAX 
HARRY WEIL, MD, PhD, FACC; LEON STEIN, MD, Los Angeles, 
California 


As an extension of a study previously reported at these 
meetings, changes in plasma volume (PV) were as- 
sessed in 18 patients in shock associated with acute 
myocardial infarction (AMI). PV was measured using 
12ljodinated human serum albumin with isotope ac- 
tivity determined at intervals of 15, 25, 35 and 45 min- 
utes after injection. Measurements of PV were ob- 
tained in 5 survivors and 13 patients who died on ad- 
mission and after an average interval of 26 hours. 
Treatment included administration of a vasopressor 
agent (metaraminol) in all but 1 patient. The initial 
plasma index (PI) was normal in both groups, aver- 
aging 42.9 + 3.4 ml/kg in survivors and 44.7 + 3.9 ml/ 
kg in patients who died. However, the initial right at- 
rial pressure in survivors, which averaged 6.0 + 2.1 
mm Hg, was significantly less than in patients who 
died (mean 11.3 + 1.3 mm Hg, P <0.05). 

The volumes of crystalloid fluids infused into sur- 
vivors and patients who died were approximately the 
same and averaged 87 ml/hour. The PI increased sig- 
nificantly to 57.9 + 5.8 mm Hg in survivors, and cen- 
tral venous pressure (CVP) remained within normal 
limits (7.8 mm Hg). However, the PI was essentially 
unchanged in patients who died (mean 44.5 + 3.9 mm 
Hg). Although the CVP decreased slightly, it remained 
in an elevated range (9.6 + 1.0 mm Hg). The PI in 
survivors was significantly higher at time of dis- 
charge from our unit in comparison to PI recorded be- 
fore death (P «0.05). Although a further increase in 
CVP after fluid challenge was not observed in patients 
who died, autopsy findings revealed increased lung 
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weight (mean 1,452 + 148 g). Marked edema was 
present in 7 of 9 patients. 

Augmentation of PV in patients with shock follow- 
ing AMI is associated with increased survival. How- 
ever, the prognosis is poor when the PV is not ex- 
panded after fluid challenge. 


Hemodynamic Changes One Year After Acute 
Myocardial Infarction 
ROBERT M. DAVIDSON, MD*; GALEN S. WAGNER, MD; THOMAS 


L. HANEY; BARRY W. RAMO, MD; ROBERT E. WHALEN, MD, 
FACC; ANDREW G. WALLACE, MD, Durham, North Carolina 


Hemodynamic studies were performed in 22 patients at 
the time of acute myocardial infarction (AMI) and an 


average of 13 months later, to determine the relation . 


between clinical course and change in hemodynamics. 


Despite complete clinical recovery in most cases, there . 


was a significant decrease in cardiac output (CO) 
(mean + sD) from 6.2 + 1.7 to 4.9 + 1.5 liters/min. 
There was also a significant decrease in oxygen con- 


sumption (OC) from 298 + 92 to 235 + 85 ml/min. 
Arteriovenous oxygen difference (AVD) and the ratio — 


CO/O,C were normal in both studies and did not 
change significantly. There were significant decreases 
in right atrial pressure (9.6 + 3.8 to 6.6 + 3.0 mm Hg) 
and in heart rate (80 + 16 to 65 + 12 beats/min). Ar- 
terial pO, increased from 63 + 15 to 79 + 12 mm Hg. 
Clinical course in individual patients correlated best 
with changes in AVD. Patients who recovered from 
congestive heart failure had a decrease in AVD; those 
with persistent heart failure showed an increase in 
AVD. 

This study suggests that the relatively high values 
of CO and O.C measured at the time of AMI were a 
result of stress, and that the lower, more normal values 
obtained 13 months later represented a more basal 
state rather than a decrease in cardiac function. CO 
determinations obtained at the time of AMI should be 
interpreted in conjunction with O,C and AVD to evalu- 
ate the role of stress. 


The Clinical Course of Cardiomyopathy 
Associated with Alcoholism 


JOHN G. DEMAKIS, MD*; SHAHBUDIN H. RAHIMTOOLA, MD, 
FACC; GEORGE C. SUTTON, MD; MOHAMMAD JAMIL, MD; ALOY- 
SIUS PROSKEY, MD; KENNETH M. ROSEN, MD, FACC; ROLF M. 
GUNNAR, MD, FACC, Chicago, Illinois 


Sixty-four patients (57 male and 7 female) who had 
cardiomyopathy associated with alcoholism were fol- 
lowed up for an average of 46 months (range 4 months 
to 10 years). They were not treated with prolonged 
bed rest. The clinical status of 12 patients was im- 
proved, remained stable in 20 and deteriorated in 6. 
Twenty-six patients died. Of 42 patients who contin- 


ued to drink heavily, the status has improved in 2 © 


(5%), is unchanged in 12 (28%), and has deteriorated 


in 4 (10%); 24 patients (57%) are dead. The remain- . 


ing 22 patients either stopped drinking or seriously cur- 
tailed their drinking. Of these 22 patients, the status 
has improved in 10 (44%); is unchanged in 8 (36%), 
and has deteriorated in 2 (9%); 2 patients (9%) have 
died. Ten of the 64 patients have had a return of heart, 
size to normal. In these patients the average duration 
of symptoms before therapy was 2.2 months. The aver- 
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was 13.8 months. The clinical course of these patients 
was comparable with that of patients treated by other 
workers with prolonged bed rest, A short duration of 
symptoms before therapy and abstention from alcohol 
were the 2 most important factors that determined a 


. more favorable course in patients with alcoholic cardio- 


myopathy. 


Echocardiographic Features of Torn 
Chordae Tendineae 


JOHN M. DUCHAK, Jr., MD*; SONIA CHANG, BA; HARVEY FEIGEN- 
BAUM, MD, FACC, Indianapolis, Indiana 


This study describes the echocardiographic findings in 
6 patients with surgically proved torn chordae ten- 
dineae. In 4 patients the torn chordae involved those 
attached to the anterior mitral leaflet. In 1 patient the 
chordae to the posterior leaflet were ruptured, and in 
the sixth patient there were ruptured chordae involv- 
ing both leaflets. The common finding in the patients 
with the torn anterior chordae was a totally random 
and chaotic motion of the anterior mitral leaflet echo 
during diastole. There was usually a notch in the leaf- 
let motion following rapid opening of the valve. The re- 
sultant fluttering of the valve was very coarse and 
could easily be distinguished from that seen in pa- 


S tients with aortic insufficiency. The motion could be 


likened to that of a flapping sail which is luffing in the 
wind. In the 2 patients who had torn chordae involving 
the posterior mitral leaflet, the posterior mitral valve 
echo moved markedly posteriorly during the onset of 
ventricular systole. The leaflet stayed posterior 
throughout systole and returned anteriorly with ven- 
tricular diastole. This motion was distinctly different 
from that seen in patients with prolapsed mitral valve 
in that there was no normal motion of the posterior 


. leaflet during early systole in the patients with torn 


posterior chordae. Similar echocardiographic findings 
have not been seen in patients with other forms of mi- 
tral insufficiency. Thus, the findings seem to be specific 
and should be of clinical value in patients with sus- 
pected torn chordae tendineae. 


Emergency Myocardial Revascularization with 


_ Saphenous Vein Bypass Graft 


J. G. DUMESNIL, MD*; GERALD GAU, MD; JOHN CALLAHAN, 
MD, FACC; JAMES R. PLUTH, MD; GORDON K. DANIELSON, 
MD, FACC; ROBERT B. WALLACE, MD, Rochester, Minnesota 


The use of elective saphenous vein bypass grafting in 
patients with chronically disabling angina has been 
increasing in the past 4 years. We have also been using 
saphenous vein bypass grafts in patients with severe 
myocardial insufficiency and preinfarctional symptoms 
in an effort to prevent myocardial necrosis. 

Eight patients, aged 43 to 61 years (mean 54 years), 
have undergone emergency coronary arteriography and 
subsequent revascularization surgery within 7 days 


(most within 48 hours). Three additional patients 


studied by coronary arteriography because of progres- 
sive angina underwent emergency surgery following a 
severe episode of myocardial ichemia subsequent to 
coronary arteriography; in 1 of these documented 
100% occlusion of the right coronary artery developed 
during the study. 

The distribution and severity of the coronary 
atheromatous lesions, the hemodynamic data, the sur- 
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gical results and the early clinical followup data are 
presented. One patient died postoperatively. Five pa- 
tients had single grafts, 4 had double grafts and 2 had 
triple grafts. Nine of 10 grafts studied postoperatively 
were patent; 1 graft could not be catheterized. Preop- 
erative electrocardiographic signs of severe myocar- 
dial ischemia and dysrhythmia were almost completely 
reversible in all 10 surviving patients. These patients 
had clinical improvemert with a loss of pain. Postop- 
erative dysrhythmie complications were absent, and 
more extensive myocardial necrosis was avoided. Two 
typical case histories are also presented. 


H-V Prolongation in Left Bundle Branch Block: 
Clinical and Electrocardiographic Correlations 


ALI A. EHSANI, MD*; KENNETH M. ROSEN, MD, FACC; MO- 
HAMMED JAMIL, MD; ROLF M. GUNNAR, MD, FACC; SHAHBUDIN 
H. RAHIMTOOLA, MD, FACC, Chicago, Illinois 


In left bundle branch block (LBBB), the H-V interval 
is a measure of conduction in the distal His bundle and 
right bundle branch. His bundle electrograms were re- 
corded in 44 patients with LBBB to evaluate the sig- 
nificance of H-V prolongation. H-V was normal 
(NHV) in 22 (35-55 msec) and was prolonged (PHV) 
in 22 (57-125 msec). The average age of patients with 
NHV was 61 years and with PHV 64 years. Coronary 
disease (ASHD), diagnosed by history of angina or 
previous infarction, was present in 15 patients (69%) 
with NHV and in only 8 (87%) with PHV (P <0.02). 
Hypertension was common in both NHV (12 patients) 
and PHV (16 patients). In the NHV group, the range 
and mean of electrocardicgraphie measurements were 
as follows: P-R interval, 0.12 to 0.24 second, mean 
0.16; QRS duration, 0.12 to 0.16 second, mean 0.13; 
QRS axis, —60 to --90?, mean —7?. In the PHV pa- 
tients the P-R interval was 0.14 to 0.48 second, mean 
0.21; QRS duration, 0.12 to 0.20 second, mean 0.15; 
QRS axis, —60 to 60°, mean —23°. Only the differences 
in QRS duration were significant (P «0.05). 

In LBBB, the frequency of normal H-V with ASED 
was consistent with localized ischemic lesions of the 
left bundle, whereas the frequency of H-V prolonga- 
tion without ASHD was consistent with idiopathic 
diffuse conduction disease. QRS duration greater than 
0.16 second was useful in predicting H-V prolongation 
(bilateral bundle branch disease). 


Dysrhythmias and Conduction Defects with Pathologic 
Study of the Sinoatrial Node After Mustard's 
Operation for Transposition of the Great Arteries 


GALAL EL-SAID, MD*; HARVEY S. ROSENBERG, MD; CHARLES E. 
MULLINS, MD; GRADY L. HALLMAN, MD, FACC; DENTON A. 
COOLEY, MD, FACC; DAN G. McNAMARA, MD, FACC, Houston, 
Texas 


This study concerns (1) dysrhythmias after Mustard's 
operation for transposition of the great arteries in 60 
patients who survived the operation, and (2) the his- 
tologic features of the sinoatrial (S-A) node in 5 o? 
these who later died—2 during recovery, 1 after 4 
months, 1 after 4 years and 1 after 5 years—presum- 
ably from rhythm disturbances. Only 3 patients re- 
mained in sinus rhythm at all times after the opera- 
tion. The incidence of sinus rhythm postoperatively 
was 30% at the end of thé first year and only 13% at 
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the end of 3 years. In 54 patients, low voltage atrial 
waves having the configuration of sinus P waves were 
seen at one time or another. The incidence of passive 
dysrhythmias remained nearly the same (about 50%). 
Many patients showed, at several times, a P axis di- 
rected downward to the right and anteriorly, consis- 
tently falling either behind the QRS with fixed R-P 
interval or before the QRS with fixed P-R interval. 
This was explained by an initial silent atrial retro- 
grade conduction from the ectopic focus. Active dys- 
rhythmias gradually increased. Partial or complete at- 
rioventricular block was not seen at any time. In 1 pa- 
tient type A Wolff-Parkinson-White conduction devel- 
oped and persisted. 

In the necropsy material from the patients recently 
operated upon, the S-A nodal tissue was defined in its 
usual position. In and about the node, fresh hemor- 
rhage and acute inflammation surrounded the sutures. 
The S-A nodal artery in the 3 patients who died after 
4 months or more was altered by marked intimal scle- 
rosis and medial hypertrophy. The lumen was reduced 
to a mere slit. Dense connective tissue and fat occupied 
the usual site of the S-A node. 


Regional Left Ventricular Performance in the 
Year Following Myocardial Infarction 


BOLLING J. FEILD, MD*; RICHARD O. RUSSELL, Jr., MD, FACC; 
CHARLES E. RACKLEY, MD, FACC, Birmingham, Alabama 


A quantitative relation between abnormal regional 
myocardial performance and left ventricular (LV) 
funetion has not been established in man. To deter- 
mine if such a relation exists, 25 patients were evalu- 
ated 2 to 12 months after a transmural myocardial in- 
farction (MI) by coronary and quantitative biplane 
angiocardiography. Abnormally contracting segments 
(ACS) (akinesis or dyskinesis) of the left ventricle 
were identified in 24 patients and their location corre- 
lated with the site of coronary artery occlusion and 
with the electrocardiographic location of MI. ACS were 
calculated in each view by dividing the akinetic or dys- 
kinetic length of the end-diastolic ventricular perim- 
eter by the total end-diastolic ventricular perimeter, 
and the average of the anteroposterior and lateral frac- 
tions was expressed as a percentage. ACS (range 1.9- 
60.5%) correlated with the LV ejection fraction (EF) 
(range 0.09-0.64) using a cubic regression equation 
(r = —0.82, P <0.0001) and also using a theoretical 
spherical model: EF = 0.67 [1 — 209 (r = —0,80, 
P <0.0001). Patients with heart failure (paroxysmal 
nocturnal dyspnea or ventricular gallop, or both) dem- 
onstrated ACS (33.9 + 15.0%) significantly larger 
than ACS (18.3 + 10.5%) of patients without heart; 
failure (P <0.007). 

These data demonstrate that the relative size of an 
abnormally contracting region of the ventricle is (1) 
quantitatively related to impairment of ventricular 
function, and (2) a significant factor in determining 
the presence or absence of heart failure. Furthermore, 
since the theoretical model assumes that the non-ACS 
myocardium is normal in function, the actual function 
of the non-ACS myocardium may be assessed by com- 
paring the observed EF to the EF predicted for the 
observed ACS. A lower than predicted EF indicates 
that the non-ACS myocardium is abnormal in function. 


VOLUME 29, FEBRUARY 1972 


ABSTRACTS 


The Beneficial Effects of the Combined Use of 
Vasoconstrictors and Intraaortic Balloon 
Counterpulsation in the Therapy of Cardiogenic Shock 


MARIO FEOLA, MD*; RAYMOND R. LIMET, MD; GERALD GLICK, 
MD, Chicago, Illinois 


Although the frequent ineffectiveness of vasoconstric- 
tors alone or intraaortic balloon counterpulsation 
(IABC) alone in the therapy of cardiogenic shock is 
well documented, their combined effects have not been 
delineated. Therefore, we studied the hemodynamics 
and myocardial energetics of 6 dogs with experimental 
myocardial infarction during IABC, phenylephrine in- 
fusion (PE) and eombined PE + IABC. 

IABC increased myocardial oxygen consumption 
(MVO,), but augmented myocardial oxygen delivery 


(MDO,) more, thereby improving the MDO,/MVO, - x 


index 19 + 0.9% SEM (P <0.05). However, this effect 
was insufficient to restore normal hemodynamics. PE 
infused to raise mean aortic pressure (mean BP) from 
58 + 1 to 114 + 9.5 mm Hg augmented MDO, consider- 
ably more than MVO, with a resultant improvement in 
the MDO,/MVO, index of 61.8 + 1.8% (P <0.005). 
Addition of IABC produced another increase in MDO,, 


coupled with a decrease in MVO,, thereby improving _ | 


the MDO,/MVO, index further (P « 0.005). To estab- 
lish whether these improvements in the MDO,/MVO, 
index favorably affected the ischemic region, we per- 
formed 6 additional experiments in which multiple 
epicardial electrograms were recorded. At a mean BP 
of 60 + 10 mm Hg, IABC for 1 hour had no significant 
effect on the area of S-T segment elevation. Elevation 
of the mean BP with PE to 105 + 10 mm Hg in 1 hour 
produced a reduction of total ischemic electrographic 
changes from 5.2 + 0.2 to 3.4 + 0.2 mv (P <0.005). 
Addition of IABC caused further rapid improvement, 
frequently abolishing all abnormalities. Discontinua- 
tion of therapy produced severe ischemic changes 
again. Thus, for cardiogenic shock, vasoconstrictors to 
increase coronary perfusion pressure combined with 
IABC to decrease afterload and increase diastolic coro- 
nary blood flow are preferable to either therapy alone. 


The Nature of the Intrarenal Stimulus Eliciting 
Renal Hypertension 


CARLOS M. FERRARIO, MD*; JAMES W. McCUBBIN, MD, Cleve- 
land, Ohio 


Renal ischemia is often assumed to be the cause of 
renovascular hypertension but precise, serial measure- 
ments of renal blood flow have not been made before 
and after production of hypertension. Accordingly, elec- 
tromagnetic flowmeters were implanted around renal 
arteries of 15 unanesthetized dogs, and blood flow and 
arterial pressure were measured daily before, for 15 
days after removal of the untouched kidney and for up 
to 64 days after tightening a renal artery clamp. Uni- 
lateral nephrectomy caused sustained increase in flow 
to the remaining kidney (+71 + 9 ml/min) without 
changes in arterial pressure. After mild stenosis (20% 
decrease in systolic flow) in 10 dogs, persistent hyper- 
tension developed within 16 days in each. Onset of the 
increase in blood pressure was accompanied by tran- 
sient decrease in renal flow, but within days thereafter 
it returned to or was above the elevated values pres- 
ent after unilateral nephrectomy. Pulse flow (difference 
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between systolic and diastolic flow) was markedly di- 
minished when arterial pressure began to increase and 
remained significantly diminished in each dog, even 
when hypertension became established and mean flow 
returned to control values. More severe constriction in 
5 other dogs (—46% decrease in systolic flow) elicited 


= in 4 malignant hypertension which was associated with 
. &large decrease in mean renal blood flow that persisted 
. until death. In 4 of the 10 dogs with mild stenosis of 


the renal artery, renal perfusion pressure measured 


— beyond the site of the constriction was found always to 


be reduced compared with systemic pressure, even 
when hypertension was established and renal flow was 
increased. The findings indicate that a reduced renal 


pulse flow, or renal perfusion pressure, or a combina- 
tion of both, signals the kidney to produce hyperten- 
- sion; gross renal ischemia apparently is not a causa- 
tive factor, 


_ Echocardiographic Determination of Mitral Valve Flow 
-. JOHN C. FISCHER, MD*; SONIA CHANG, BA; LEE L. KONECKE, 


MD; HARVEY FEIGENBAUM, MD, FACC, Indianapolis, Indiana 


 Reflected ultrasound was used as a method of visualiz- 
ing the mitral valve leaflets in an effort to determine 
mitral valve flow. The mitral orifice was defined as the 
measured distance between the echoes from the an- 


terior and the posterior leaflets. Normal volunteers and 


patients undergoing cardiac catheterization were used. 


Subjects exhibiting any evidence of mitral valve dys- 
function were eliminated from the study. The typical 
mitral orifice displayed 3 distinetive components: (1) 
an initial diamond-shaped, rapid filling phase followed 


_ by (2) a low amplitude, rectangular phase and, finally, 


(3) a short diamond-shaped atrial component. A mitral 
valve index (MVI) was derived by taking the sum of 
the products of the maximal amplitude and duration of 
the individual components. In 25 normal subjects the 
MVI was compared with simultaneous stroke volume 
(SV) determinations derived from echocardiographic 
left ventricular internal dimensions. A close correla- 
tion was noted between these 2 measurements (r — 


0.90, P «0.001, SEE = +2 ml) In 18 patients who 


vt 4 


. underwent cardiac catheterization, the MVI was com- 
. pared with the SV obtained using the Fick method on 


. a subsequent day. Again, the relation between the MVI 

and SV was highly significant (r = 0.88, P «0.001, 
. SEE = +14 ml). This empirical method of determin- 
_ ing mitral valve flow appears to be reasonably accurate 


ud 


in patients without mitral valve dysfunction. Its po- 


tential clinical and investigative usefulness as a non- 


invasive technique of measuring mitral valve flow and 
left ventricular stroke volume is promising. 


Postural Changes in Left Ventricular and Mitral 
. Valvular Dynamics in the Systolic Click-Late 


Systolic Murmur Syndrome 


MARY E. FONTANA, MD*; CHARLES F. WOOLEY, MD; RICHARD 
F. LEIGHTON, MD, FACC; RICHARD P. LEWIS, MD, FACC, Colum- 
bus, Ohio 


Marked changes in the auscultatory pattern with pos- 
ture have been noted in patients with midsystolic clicks 
(MSC) or late systolic murmurs (LSM), or both. MSC 
tend to move earlier in systole, and LSM become longer 
and often louder when patients assume upright posture. 
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Systolic prolapse of the mitral leaflets with mild re- 
gurgitation accounts for MSC-LSM; earlier and 
greater prolapse with more and prolonged regurgita- 
tion associated with a reduced left ventricular (LV) 
volume in the upright position would explain the aus- 
cultatory changes. 

Seventeen patients with MSC-LSM were studied su- 
pine and at 45° head-up tilt. Intracardiac pressures, 
cardiac outputs and systolic time intervals were re- 
corded, and LV cineangiography was performed. Four 
patients without mitral valve disease and 3 with severe 
mitral regurgitation were similarly studied for com- 
parison. The hemodynamic responses to tilt were simi- 
lar in all 3 groups. Of the patients with MSC-LSM, 
systolic prolapse of one or both mitral leaflets was 
demonstrated in all. LV volume was decreased at 45° 
in all 9 technically satisfactory studies. Greater mitral 
prolapse was noted with patients upright in 6 of 8 
studies with enough sinus beats to judge. The amount 
of mitral regurgitation was mild in all, and changes in 
amount from supine to upright posture could not be 
discerned angiographically. Hypotension on passive tilt 
complicated 8 of the 24 studies and tended to diminish 
the auscultatory changes. The findings suggest that the 
auscultatory changes occurring with upright posture 
in patients with MSC-LSM are related to greater pro- 
lapse of the mitral leaflets which is associated with a 
smaller LV volume in the upright position. 


Abstract by Forlini et al. appears on page 273. 


Reduced Subendocardial Blood Flow and Ventricular 
Contractile Force Caused by Nitroglycerin 


R. FORMAN, MB*; E. S. KIRK, PhD; J. M. DOWNEY, PhD; EDMUND 
H. SONNENBLICK, MD, FACC, Boston, Massachusetts 


The effeets of both intracoronary (IC) and intravenous 
(IV) administration of nitroglycerin (NTG) on trans- 
mural distribution of blood flow in the left ventricle 
after partial coronary artery occlusion was investigated 
using 2 independent methods. In 16 open chest anes- 
thetized dogs, tubing supplying the cannulated left 
coronary artery was partially occluded. Strain gauges 
sutured parallel to superficial and deep fibers of the 
myocardium separately recorded the contractile force 
(CF) of each layer (as described previously from this 
laboratory). With occlusion set so that depression of 
the deep CF was imminent, 12 „g IC NTG in 7 dogs 
depressed only the deep CF without changing systemic 
hemodynamics. IV administration of 180 „g NTG in 9 
dogs resulted in a decrease of deep CF and aortic pres- 
sure often associated with an increase in superficial CF. 
Distribution of myocardial blood flow during peak 
coronary flow after IC or during a decrease in aortic 
pressure following IV NTG administration was de- 
termined by the tissue uptake of an IC bolus of 
Sérubidium. This was compared to the uptake of 42po- 
tassium injected before NTG. IV or IC administration 
of NTG caused a significant reduction in subendocar- 
dial blood flow with a decrease in the subendocardial/ 
subepicardial ratio of isotope. 

These experiments suggest that under conditions of 
acute partial coronary occlusion the autoregulatory re- 
sponse results in more fully dilated subendocardial 
vessels which are less responsive to NTG. NTG may 
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then reduce the vascular resistance in the subepicardial 
more than the subendocardial vessels, resulting in a 
“steal” of blood flow from deep to superficial myo- 
cardium with little or no change in total coronary flow. 


Acute Myocardial Infarction: Myocardial 
Perfusion and Metabolism 


JAMES FORRESTER, MD*; GEORGE DIAMOND, MD; WILLIAM 
GANZ, MD, FACC; H. J. C. SWAN, MD, PhD, FACC, Los Angeles, 
California 


Coronary blood flow (CBF) and myocardial metabolism 
were evaluated in 26 patients with coronary artery dis- 
ease. Ten subjects had stable coronary artery disease, 
5 were hospitalized with acute coronary insufficiency 
without infarction and 13 had acute myocardial infarc- 
tion (AMI) (2-96 hours after infarct). In the AMI 
group, 5 patients had uncomplicated infarction, 5 had 
congestive heart failure and 2 had cardiogenic shock. 
CBF was measured by the thermodilution coronary 
sinus flow technique, and transmyocardial arterio- 
venous differences of lactate, serum glutamic oxalo- 
acetic transaminase, lactic dehydrogenase, creatine 
phosphokinase, potassium, magnesium and calcium 
were determined. Although lactate metabolism at rest 
was abnormal in 8 of 12 with AMI, CBF in pa- 
tients without shock (127 + 16 cc/min, range 71-218 
ec/min) and coronary vascular resistance (6.3 + 0.9 x 
104 dynes sec cm) did not differ from values in the 
groups without infarction. Furthermore, no significant 
difference in arterial and coronary sinus levels of elec- 
trolytes or enzymes was found in the AMI group de- 
spite the presence of rising serum enzyme levels. The 
levels of CBF in the AMI patients did not correlate well 
with any individual determinant of flow (arterial dia- 
stolic pressure, left ventricular (LV) filling pressure, 
LV AP/AT, or heart rate). Thus, despite definite evi- 
dence of reduced regional myocardial perfusion and 
necrosis, total CBF remained normal and did not de- 
crease with increasing size of infarct. The absence of 
detectable enzyme and potassium leakage in the pres- 
ence of abnormal lactate metabolism suggests that (1) 
the rate of release of these substances is slow relative 
to the sensitivity of current methods of biochemical 
analysis, and (2) metabolic studies in AMI may 
be seriously limited by this phenomenon. 


On the Mechanism of Diastolic Rumbles 


NICHOLAS J. FORTUIN, MD*; ERNEST CRAIGE, MD, FACC, 
Chapel Hill, North Carolina 


We used the combined techniques of phonocardiogra- 
phy, apex cardiography and mitral valve echocardiog- 
raphy in simultaneous multichannel recordings to 
study the apical diastolic rambling murmur accompany- 
ing the following conditions: pure mitral regurgitation 
(MR, no. = 7); severe aortic regurgitation (AR, no. = 
16); large left to right shunt (no. = 2); and mitral 
stenosis (no. = 12). In patients with MR, shunt or AR 
the rumbles were indistinguishable phonocardiographi- 
cally and occurred in mid-diastole after the period of 
rapid ventricular filling. In these patients the rate of 
mitral valve closure was excessively rapid, and the 
murmur occurred as the valve was closing. In patients 
with mitral stenosis in normal rhythm the crescendo 
portion of the presystolic murmur occurred after the 
period of atrial systole. In patients with mitral stenosis 
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and atrial fibrillation a crescendo presystolic murmur 
occurred when the duration of the preceding diastole 
was short. In both cases the crescendo murmur was 
coincident with the closing movement of the mitral 
valve. This occurred after the onset of isometric ven- 
tricular systole. 

Our findings suggest that these murmurs are due to 
increasing flow velocity as a result of a dynamically 
narrowing mitral valve orifice. The increase in flow 
velocity may occur even when the volume of flow is 
diminishing. A common denominator is thus demon- 
strated in the genesis of diastolic rumbling murmurs 
in a variety of conditions. 


Improved Left Ventricular Function During 
Nitroprusside Infusion in Acute Myocardial Infarction 


JOSEPH A. FRANCIOSA, MD*; NABIL H. GUIHA, MD; ERNESTO 
RODRIGUERA, MD; CONSTANTINOS LIMAS, MD; JAY N. COHN, 
MD, FACC, Washington, D. C. 


Afterload is a major determinant of myocardial oxy- 
gen consumption (MVO,) which, if decreased, should 
benefit an ischemic myocardium and improve ventricu- 
lar performance. In 11 patients with acute myocardial 
infarction (AMI) nitroprusside (NP), a potent vaso- 
dilator, was infused at a rate sufficient to produce a 
slight reduction in arterial pressure (AP). During NP 
infusion mean AP decreased from an average of 106 to 
87 mm Hg, whereas heart rate was unchanged. Left 
ventricular filling pressure (LVFP) decreased con- 
sistently from an average of 21.6 to 10.0 mm Hg (P 
<0.01). In 6 patients with clinical signs of left ven- 
tricular failure or shock and cardiac index (CI) less 
than 2.5 liters/min per m?, cardiac output (CO) and 
stroke volume increased during NP infusion by an 
average of 1.21 liters/min (41.5%) and 16.5 ml/beat 
(47.8%), respectively (P <0.025). In patients with 
control CI greater than 2.5 liters/min per m?, CO was 
not significantly changed during NP infusion. A fall 
in pressure time per minute (2,840 to 2,327 mm Hg 
sec/min, P <0.025) as well as the decrease in LVFP 
indicated a reduction in MVO, during NP infusion. 
With careful dose manipulation, a decrease in LVFP 
and rise in CO often could be attained without a sig- 
nificant fall in AP. 

These data suggest that administration of NP re- 
duces aortic impedance and results in an increased 
stroke volume from a reduced LVFP and a presumed 
lower MVO, in patients with low cardiac output com- 
plicating AMI. 


The Normal Blood Supply to the His Bundle and 
Proximal Bundle Branches 


RICHARD J. FRINK, MD*; THOMAS N. JAMES, MD, FACC, Bir- 
mingham, Alabama 


Ten human hearts without coronary disease were in- 
jected with a highly colored barium gelatin mass to 
outline the blood supply to the His bundle (HB) and 
proximal bundle branches (PBB). A different color was 
injected into right (R), left anterior descending (LAD) 
and circumflex coronary arteries. The coloring ma- 
terial can withstand histologic processing and per- 
mitted histologic determination of the blood supply to 
these structures. The HB received a dual supply of 
blood from the atrioventricular nodal artery (AVNA) 
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and penetrating branches from the anterior septum in 
90% of cases. The HB and PBB were supplied wholly 
by AVNA in 10%. The proximal right bundle branch 
and anterior fascicles of left bundle branch (LBB) re- 
ceived a dual supply in 50% and were supplied by an- 
terior septal branches alone in another 40%. The 
posterior fascicles of the LBB received a blood supply 
from the AVNA in 50% and a dual supply from AVNA 
and anterior septal arteries in 40%. In 10% the pos- 
terior fascicles were supplied by the LAD. We con- 
clude that the blood supply to most portions of the HB 
and PBB is frequently dual, with the most anterior and 
posterior portions being commonly supplied by the an- 
terior septal and AVN arteries, respectively. These 2 
vascular systems generally arborize in the mid-portion 
of the HB. 


New England Regional Infant Cardiac Program 


DONALD C. FYLER, MD*; LUCY PARISI, MD; MICHAEL BERMAN, 
MD, Boston, Massachusetts and New Haven, Connecticut 


A regional program encompassing all 11 New England 
hospitals which provide definitive care for infant car- 
diac patients was begun in 1969. The purposes of this 
program are to increase case finding, to encourage early 
referral and to improve transportation, diagnosis and 
treatment. Data referrable to any infant ill with car- 
. diae disease have been tabulated and results covering a 
36 month period (circa 1,200 infants) will be available 
within weeks. 

To date experience with 826 eritically ill infant car- 
diac patients seen between July 1968 and June 1970 is 
available. During the first year of program activity 457 
babies underwent cardiac catheterization or cardiac 
Surgery or died, compared to 369 in the prior year. 
Three hospitals managed 70% of the infants; 30% 
were managed in 8 smaller hospitals. Overall hospital 
mortality for the 2 year period was 36%. Whereas 115 
patients underwent surgical procedures (29% mor- 
tality) in 8 smaller hospitals, an additional 31 babies 
were transferred to larger hospitals for surgery. 
Among the larger hospitals gross surgical mortality 
was 40% (32-56%). Medical management of 455 pa- 
tients resulted in 836% mortality. The hospital using 
surgical treatment most aggressively (54% surgical 
management) produced the lowest overall mortality 
rate (82%); the hospital that used conservative treat- 
ment most often (55% medical management) produced 
the highest overall mortality rate (49%). From these 
preliminary experiences, it is our impression that 
an aggressive approach to case finding, early diagnosis 
and treatment results in improved survival among in- 
fants critically ill with cardiac disease. 


Alterations in the Left Ventricular Contractile State 
During Isometric Exercise in Patients with 
Coronary Artery Disease 


WILLIAM H. GAASCH, MD*; MIGUEL A. QUINONES, MD; 
EFRAIN WAISSER, MD; HANS G. THIEL, MD; JAMES K. ALEX- 
ANDER, MD, FACC, Houston, Texas 


The effects of isometric exercise (IE) on myocardial 
function were evaluated in 8 patients. Two normal sub- 
jects and 6 patients with angiographically documented 
coronary artery disease (CAD) were studied before 
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and at 3 minutes of IE (25% maximal voluntary con- 
traction). Using isovolumie pressure measurements 
(SF-1, catheter tip micromanometer), contractile ele- 
ment velocity (Vex = [dp/dt]/24P in sec!) at 0 load 
(Vmax) and peak V4, were derived. Left ventricular 
(LV) max dp/dt, heart rate (HR), blood pressure 
(BP), and arteriovenous oxygen (A-V O») differences 
were measured. 

During IE all 8 patients had similar increases in HR 
(2295) and mean BP (18%). In 2 normal subjects and 
1 patient with CAD, LV end-diastolic pressure (EDP) 
and A-V O, differences remained unchanged; Vmax in- 
creased 38% (2.1 + 0.2 to 2.9 + 0.8), peak Vo, in- 
creased 43% (1.6 + 0.2 to 2.3 + 0.2), and max dp/dt 
increased 22%. In 5 patients with CAD the A-V O, 
difference widened 12% (4.1 + 0.3 to 4.6 + 0.2 vol %), 
LVEDP increased 69% (16 + 3 to 27 + 6 mm Hg) and 
max dp/dt increased 16%. In this group, Vmax aver- 
aged 1.6 + 0.1 and peak V4, averaged 1.1 + 0.2 (con- 
trol state); during IE there was no change in Vmax 
or peak V, in 3 of the 5; angina developed in the other 
2, and in both patients Vmax and peak Vc, fell (18% 
and 20%, respectively). 

Thus, it appears that in normal subjects LV perfor- 
mance improves during IF by a shift to an augmented 
ventrieular function curve (improved contractile state, 
no change in perload), whereas in some patients with 
CAD this transition does not occur (increased preload, 
no change in contractile state). When angina occurs 
preload increases and a decrease in contractility may 
occur. IE, as a test of myocardia! function, has been 
used to gain further insight into altered ventricular 
dynamics in patients with CAD. 


Manifest and Concealed Reentry: A Mechanism of 
Atrioventricular Nodal Wenckebach in Man 


JOHN J. GALLAGHER, MD*; ANTHONY N. DAMATO, MD; P. 
JACOB VARGHESE, MD; SUN H. LAU, MD, Staten Island, New 
York 


Previous explanations of the atrioventricular nodal 
(A-VN) Wenckebach phenomenon have centered 
around the concept of decremental conduction. Recent 
animal studies from this laboratory suggest that A-VN 
reentry may provide an alternate mechanism of conduc- 
tion delay and block during A-VN Wenckebach cycles. 
The present study documents similar findings in man. 
Four patients were studied using electrograms re- 
corded from the high right atrium (HRA) and His 
bundle (HBE) during stimulation of the atrium (A) 
and ventricle. During sinus rhythm, a normal sequence 
of atrial depolarization from high (HRA) to low 
(HBE) atrium was noted. Ventricular pacing (S) was 
associated with a reversal of atrial depolarization. In 
addition, a retrograde His (Hg) was seen in 2 patients. 
The ventricle was paced at a cycle length sufficient to 
produce retrograde Wenckebach. At a critical degree 
of retrograde A-VN delay, manifest reentry (recipro- 
cal beat) occurred. Decreasing the cycle length of stim- 
ulation concealed the reentry. The presence of con- 
cealed reentry can be confirmed by noting an antegrade 
His defleetion with a shorter S-H interval than the 
otherwise constant S-H, during ventricular pacing. 
Both concealed and manifest reentry occurred after the 
last retrograde atrial complex of the Wenckebach cycle. 
The mechanism by which the last ventricular impulse 
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of the Wenckebach cycle is blocked retrograde is due to 
a collision of the reentrant and the retrograde wave- 
fronts. A similar mechanism may explain antegrade 
Wenckebach. 


Failure of Intracoronary Nitroglycerin to Alleviate 
Pacing-Induced Angina 


WILLIAM GANZ, MD, FACC*; HAROLD S. MARCUS, MD, Los Ange- 
les, California 


To assess the role of the direct effects of nitroglycerin 
(NTG) on the coronary circulation in the relief of an- 
gina, NTG was injected after induction of angina by 
pacing into the left (LCA) or right coronary artery 
(RCA); the doses were too small to cause a significant 
decrease in arterial blood pressure but in normal sub- 
jects were sufficient to augment coronary sinus blood 
flow (CSBF) by 50 to 100% for 30 to 60 seconds. After 
insertion of the angiographic catheter into the LCA, 
angina was induced by pacing from the coronary sinus 
at a previously determined threshold rate in 11 patients. 
A dose of 0.05 to 0.1 mg NTG in 1 ml of 5% dextrose 
was then injected into the LCA. If the intensity of 
angina did not decrease or was increased, the pacing 
was discontinued after 1 minute. Arterial blood pres- 
sure, lead V. and coronary sinus blood flow by thermo- 
dilution were recorded continuously. In 7 patients the 
same procedure was repeated with injection into the 
RCA. In none of the patients did the injection of NTG 
into either coronary artery alleviate angina in spite of 
a significant increase in CSBF in 4 of them. NTG was 
ineffective whether injected into the obstructed artery 
or into the artery supplying collateral vessels to the ob- 
structed artery. In 3 patients the injection of NTG into 
the LCA was followed after 60 seconds by intravenous 
injection of 0.3 mg NTG. The latter caused a signifi- 
cant decrease in blood pressure and in 1 to 2 minutes 
relieved the pain unaffected by the preceding intracor- 
onary injection. The results indicate that the direct 
effects of NTG on the coronary arteries play little, if 
any, role in this agent’s antianginal action, which ap- 
pears to be due entirely to the reduction of myocardial 
oxygen requirements, secondary to the agent’s effects 
on the systemic circulation. 


Electrophysiologic Properties of Atrial and 
Ventricular Muscle from Cats with Experimentally 
Induced Heart Failure and Hypertrophy 


HENRY GELBAND, MD*; ARTHUR L. BASSETT, PhD, New York, 
New York 


Previously, we noted characteristic changes in ven- 
tricular electrical properties after chronic partial pul- 
monary arterial (PA) occlusion. To evaluate the role 
of altered electrical properties in development of right 
heart failure (RHF) and ventricular hypertrophy 
(RVH), we monitored action potentials (AP) and iso- 
metric force (P) of atrial and ventricular muscle from 
normal, sham operated, RHF and RVH cats. Chronic 
right ventricular systolic hypertension produced by 
PA occlusion was followed by RVH and RHF. For right 
atrial and right ventricular muscles from RHF cats, 
resting potential (RP), AP amplitude, AP rate of rise, 
P and dP/dt were decreased compared to values in con- 
trol muscles. Epinephrine and acetylcholine (ACh) in- 
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creased RP, AP amplitude, AP rate of rise and P in 
failed atrial muscles, whereas ACh increased RP but 
decreased P in normal atrial muscles. These data indi- 
cate that depressed RP, AP amplitude and conduction 
may exacerbate the contractile defect in RHF. Right 
ventricular muscles removed from hearts (without 
failure) 1 day after PA banding had normal electrical 
and mechanical properties. Right ventricular muscles 
removed from hearts (without failure) 3 days after PA 
banding had depressed P and dP/dt; electrical proper- 
ties were normal except AP plateau was shifted to 
more negative potentials. Shift in level of AP plateau 
voltage was less for right ventricular muscles from 7 
day bands. AP plateau voltage level was normal for 
right ventricular muscles 21 and 90 days after PA 
banding although P was still decreased. Altered volt- 
age level for AP plateau may affect voltage-dependent 
contractile events and thus P in early stage of hyper- 
trophy. 


Thirty-Two Cases of Interventricular Septal Defect 
and Aortic Insufficiency: Clinical, Hemodynamic and 
Surgical Features 


STEPHEN P. GLASSER, MAJ, MC, USA*; MELVIN D. CHEITLIN, 
LTC, MC, USA, FACC; RICHARD J. McCARTY, LTC, MC, USA, 
FACC; JOHN H. HAAS, LTC, MC, USA; ROBERT J. HALL, MD, 
FACC; CHARLES E. MULLINS, MD, Washington, D. C., San Fran- 
cisco, California, El Paso, Texas, and Tacoma, Washington 


Thirty-two cases of interventricular septal defect 
(IVSD) with aortic insufficiency (AI) are reported, in 
20 of which operations were performed. The aortic in- 


sufficiency was generally slowly progressive in those . 


patients in whom this could be determined. A right 
ventricular subpulmonic valvular gradient was found 
in 4595 (13 patients), and in about half of these (6 
patients) the gradient was due to prolapse and hernia- 
tion of the right aortic cusp through the IVSD. This is 
a much higher incidence than has been appreciated. Of 
the 20 patients operated upon, none had aortic valve 
replacement, 6 had accompanying annuloplasties and 
14 had IVSD closure only. In none was the aortic in- 
sufficiency made worse, and in only 5 was the AI defi- 
nitely not benefited. In 3 cases of IVSD closure only, the 
AI completely disappeared postoperatively, and in at 
least 4 others the AI was significantly reduced in sever- 
ity. It is concluded that patients with this combination 
of lesions should be considered for early closure of the 
IVSD in order to prevent progressive AI. 


Augmentation of Contractility Following Ischemia 
in the Isolated Supported Heart 


ROBERT E. GOLDSTEIN, MD*; JEFFREY S. BORER, MD; STEPHEN 
E. EPSTEIN, MD, Bethesda, Maryland 


Catecholamine-mediated increases in contractility have 
been observed immediately following release of coro- 
nary artery occlusion, an effect sometimes attributed 
to local release of myocardial norepinephrine stores. 
However, previous studies have not excluded the pos- 
sibility that this inotropic effect may depend upon 
neural or humoral mechanisms. We therefore examined 
the influence of ischemia on contractile performance of 
completely isolated, working canine hearts. Coronary 
perfusion was maintained using arterial blood from a 
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donor dog. Ischemia was produced by occlusion of the 


. perfusion line for varying lengths of time. After re- 


lease, coronary sinus effluent was temporarily diverted 
to a reservoir to ensure total isolation of the prepara- 
tion. Contractility was assessed by measuring pres- 
sure (P) and rate of pressure rise (dp/dt) in a left 
ventricular balloon. In each of 10 hearts, restoration of 
coronary perfusion pressure to base-line value resulted 
in prompt rise in peak P and dp/dt above pre-ischemic 


. values. Percentage overshoot above base-line value in- 
creased with longer ischemic periods up to a mean maxi- 


mum of 73% + 24 SD in peak P observed after 60 to 
150 seconds of ischemia. Propranolol produced dose- 
related attenuation in extent of overshoot after ische- 
‘mia, indicating that overshoot in contractility is medi- 
ated by beta receptors. In contrast to contractility, 


heart rate changed little either during or after ische- 


mia. Our data confirm the hypothesis that brief peri- 


_ ods of coronary occlusion provoke subsequent enhance- 


ment of contractility in ischemic regions due to local 


release of myocardial catecholamines. This enhance- 


ment is not dependent upon systemic hemodynamic or 


neural alterations that may accompany myocardial 
— ischemia. 


Correlation of the Antiarrhythmic Effects of 


 Diphenylhydantoin with Digoxin-Induced Changes 


in Myocardial Contractility, Sodium—Potassium- 
Dependent Adenosine Triphosphatase and 


| Potassium Efflux 


ROBERT E. GOLDSTEIN, MD*; STANLEY C. PENZOTTI, PhD; 
KAREN S. KUEHL, MD; KIRK H. PRINDLE, MD; CLIFFORD A. 
HALL, MD; ELWOOD O. TITUS, PhD; STEPHEN E. EPSTEIN, MD, 
Bethesda, Maryland 


To clarify the suppressant action of diphenylhydantoin 


J (DPH) on digitalis-induced arrhythmias we studied 
the effects of DPH and digoxin, alone and in combina- 


tion, on myocardial contractile force (CF), sodium- 
potassium dependent adenosine triphosphatase activity 
(N-KA) and K* efflux in Krebs-Ringer perfused dog 
hearts. Neither control perfusion nor perfusion with 


. DPH alone (3 x 10-5 M) altered N-KA or produced K* 


efflux. Perfusion with DPH alone depressed CF. Perfu- 
sion with digoxin alone (10-9 M) caused a mean 59% 


. rise in CF at onset of toxicity (repetitive ventricular 
. extrasystoles) along with net K* efflux averaging 50 + 
. 12 pmoles/min and decrease in average N-KA from 
...183.8 to 5.2 „moles phosphate/mg of protein per hour 
= (P «0.001). Adding DPH to the digoxin perfusion de- 
— layed toxicity an average of 13 minutes (or 82%), at 


which time CF was higher, mean 91% above control 


(P «0.05), K* efflux greater (mean 87 + 20 „moles/ 
min) and N-KA lower (mean 2.5, P <0.05) than with 


digoxin alone. However, combined DPH-digoxin per- 
fusion interrupted at the time toxicity appeared with 
digoxin alone yielded higher N-KA (mean 7.7, P 
« 0.02) and less rise in CF (mean 26% above control, 
P «0.05». Thus DPH appeared to reduce the extent of 
N-KA inhibition induced by digoxin in a given time 
period. Nevertheless, DPH ultimately permitted dig- 
oxin to produce greater increase in CF, greater K* 
efflux and greater N-KA inhibition than possible with- 
out DPH. These data suggest that the antiarrhythmic 
efficacy of DPH in treating digitalis toxicity cannot be 
attributed solely to prevention of inhibition of N-KA 
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or to diminution of K* efflux, 2 potentially arrhythmo- 
genic changes characteristically accompanying digitalis 
administration. 


Hemodynamic Changes Accompanying Exertional 
Syncope in Dogs with Right Ventricular 
Outflow Obstruction 


ROBERT E. GOLDSTEIN, MD *; ALLEN A. NIMETZ, MD; JOSEPH E. 
PIERCE, DVM; STEPHEN E. EPSTEIN, MD, Bethesda, Maryland 


Several mechanisms have been postulated to be respon- 
sible for the exertional syncope seen with ventricular 
outflow obstruction, but the precise hemodynamic 
events leading to this form of syncope are largely un- 
known. To study exertional syncope more closely, 7 
dogs with acute right ventricular outflow obstruction 
(produced by inflation of a previously implanted pul- 
monary arterial balloon cuff) were exercised to syncope. 
Right ventricular and systemic arterial pressures 
(AP) as well as the electrocardiogram were recorded 
continuously. During 6 syncopal episodes (in 3 dogs) 
recerdings also were obtained from an electromagnetic 
flowmeter previously implanted about the ascending 
aorta. In every dog syncope was preceded by a rapid 
decrease in AP (from an average of 100 to 39 mm Hg). 
This decrease was never the result of an ectopic rhythm 
disturbance. Sinus tachycardia (average heart rate 
249 beats/min) occurred before decline in AP and dur- 
ing the early hypotensive phase. However, in the 10 
seconds immediately preceding syncope, heart rate fell 
an average of 27 beats/min (P <0.005). The precipi- 
tous decrease in AP was accompanied both by a 48% 
reduction in cardiac output (P <0.005) and by a 23% 
decrease in peripheral resistance (P «0.05). Recovery 
of consciousness and restoration of AP usually oc- 
curred before cuff deflation. Our results demonstrate 
that, under the conditions studied, arrhythmia is not a 
primary cause of exertional syncope. Furthermore, the 
rapid reduction in AP that leads to syncope is caused 
not only by a decline in cardiac output, but also by 
vasodilatation of the systemic arteriolar bed. 


Sudden Death and Hospitalization Delay in Acute 
Myocardial Infarction 


SIDNEY GOLDSTEIN, MD, FACC*; WILLIAM GREENE, MD; AR- 
THUR J. MOSS, MD, FACC, Rochester, New York 


The relation between factors affecting delay in hos- 
pitalization and those affecting sudden death were 
studied in 98 patients experiencing an acute myocardial 
infarction in an industrial population (median age 55 
years). All patients experiencing an acute myocardial 
infarction over a 10 month period were studied. The 
mortality rate was 2695 (26/98), and 8495 (22/26) of 
the deaths were sudden, occurring within 1 hour. Two 
sudden deaths occurred in transit and 4 occurred in an 
emergency facility. Sudden death occurred in 6 of 26 
patients (2396) whose symptoms began at work and 
in 16 of 72 patients (22%) whose symptoms began 
away from work. Nineteen of the 22 sudden deaths 
were witnessed. Nineteen of the patients who died 
within 1 hour had a history of angina pectoris, acute 
myocardial infarction or prodromal symptoms. In the 
78 patients who survived to admission, the effect of 
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these same factors on arrival time at the medical fa- 
cility was studied. The mean arrival time for the group 
was 285 + 39 minutes. The mean arrival time for pa- 
tients with angina was 465 + 125 minutes, for those 
with prodromal symptoms 381 + 83 minutes, and for 
those with a history of acute myocardial infarction was 
259 + 73 minutes. Thus, patients with a history of an- 
gina or prodromal symptoms had a prolonged arrival 
time and those with a history of acute myocardial in- 
farction did not shorten their arrival time. In this pop- 
ulation sudden death was the overwhelming event of 
acute coronary mortality. The same factors that appear 
to predispose to sudden death also result in a prolonged 
arrival time, thus suggesting that although death due 
to acute myocardial infarction may be sudden, it does 
not occur without warning. 


The Transition from Double Outlet Right Ventricle 
to Complete Transposition. A Pathologic Study 


D. A. GOOR, MD; JESSE E. EDWARDS, MD, FACC, New York, New 
York, and St. Paul, Minnesota 


Ninety-four heart specimens of complete transposition 
of the great vessels (TGV) and 40 of double outlet 
right ventricle (OBGRV) were studied. Correlations 
were made with embryonic developments involving the 
eonotruneus in 54 normal human embryonic hearts. 
The conal septum is identically completely inverted and 
the great vessels are identically interrelated in TGV, 
OBGRV and Taussig-Bing anomaly. The conal septal 
inversion is probably due to lack of counterclockwise 
torsion of the ostium bulbi during the formation of the 
loop of the heart tube. The riding position of the pul- 
monary artery (PA) over the left ventricle (LV) dif- 
fers almost from one case of OBGRV to another. In 
specimens with OBGRV with the PA arising only from 
the right ventricle (RV), leftward shift of the cono- 
ventricular flange did not occur. In those with Taus- 
sig-Bing anomaly, in which the PA mostly rides over 
the LV, a “normal” leftward shift of the conoventricu- 
lar flange probably occurred. Intermediate positions of 
the PA account for the great variety of patterns of 
OBGRV. The absence of pulmonary conus, and the 
presence of pulmonary mitral fibrous continuity, is a 
characteristic feature of TGV. It is assumed that ab- 
sorption of the pulmonary conus obliterates the conus 
tunnel (subpulmonic ventricular septal defect) and 
brings the PA to the mitral valve, thus transforming 
the Taussig-Bing anomaly to TGV. Photomicrographs 
of the conotruncal torsion and the conus absorption will 
be shown, and photographs of heart specimens show- 
ing the spectrum of anomalies leading from OBGRV to 
TGV will be demonstrated. 


Cardiac Effects of a Cocktail 


LAWRENCE A. GOULD, MD, FACC*; MOHAMMAD ZAHIR, MD; 
ROBERT F. GOMPRECHT, MD, FACC; ANTHONY DeMARTINO, 
MD, Bronx, New York 


The hemodynamic effects of a cocktail during cardiac 
disease is unknown. Ten patients with cardiac dis- 
ease and 4 normal subjects underwent cardiac cathe- 
terization. Hemodynamic measurements were obtained 
before and 30 minutes after oral ingestion of 2 ounces 
of Canadian Club whiskey. In the 10 abnormal sub- 
jects the average cardiac index decreased with alcohol 
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from 3.3 to 2.7 liters/min per m?, the stroke index de- 
creased from 41 to 33 ml/beat per m?, the arteriovenous 
oxygen difference increased from 4.9 to 6.2 vol 95, the 
left ventricular end-diastolic pressure increased from 
10 to 12 mm Hg, and the pulmonary arterial mean pres- 
sure and cardiac rate were unchanged. In the 4 normal 
subjects the average cardiac index increased with al- 


cohol from 3.2 to 4.5 liters/min per m?, the stroke index . E 


increased from 49 to 68 ml/beat per m?, the pulse rate 
increased from 79 to 80 beats/min, and the arteriove- 


nous oxygen difference decreased from 4.5 to 3.4 vol %. — 3 


With alcohol all of the patients with cardiac disease 
demonstrated a fall in the cardiac index and stroke in- 
dex. In the normal subjects, alcohol produced an in- 


crease in these indexes. The different hemodynamic ~~ 


response in the 2 groups was statistically significant 
(P <0.02). Small amounts of alcohol can impair cardiac 
function in patients with cardiac disease. 


Occlusive Coronary Disease in the Transplanted 
Denervated Heart: Assessment by Exercise 
Electrocardiogram and Coronary Arteriography 


ANTHONY F. GRAHAM, MD*; JOHN S. SCHROEDER, MD; DONALD © Š y 


C. HARRISON, MD, FACC, Stanford, California 


Since January 1968, 34 cardiac transplant operations ; a 


have been performed at Stanford, and 14 patients are 
presently alive. Actuarial statistics show 45% survival 
at 1 year, 30% at 2 years and approximately 30% at 3 
years. Since patients with denervated hearts would not 
be thought to experience angina pectoris as a manifes- 
tation of ischemia, routine exercise electrocardiography 
has been performed regularly, in an attempt to diag- 
nose ischemic changes in all long-term survivors of 
transplantation. Correlation with hemodynamic studies 
and coronary arteriography has been performed at 
yearly intervals. Four patients with normal exercise 
studies have had completely normal coronary arterio- 
grams and hemodynamic status at 1 year. Two other 
patients have had abnormal exercise electrocardio- 
grams. One had a positive test at 28 months, with S-T 
segment depression and ventricular ectopic beats. Coro- 
nary arteriography showed a blocked left circumflex ar- 
tery, and cardiac catheterization showed a poor exer- 
cise response. The other had a positive exercise elec- 
trocardiogram at 35 months, and this correlated with 
diffuse small vessel disease on the coronary arterio- 
gram. Both patients remain asymptomatic and have 
never had angina. All other survivors have negative 
exercise studies. 

Long-term cardiac transplant survivors are suscep- 
tible to the development of occlusive coronary artery 
disease without evidence of chest pain. These changes 
can be reliably detected by exercise electrocardiography 
and confirmed by coronary arteriography. 


Results of Early Surgical Repair of Ventricular Septal 
Defects Following Myocardial Infarction 


ANTHONY F. GRAHAM, MD*; NORMAN E. SHUMWAY, MD, FACC; 
DONALD C. HARRISON, MD, FACC, Stanford, California 


A ventricular septal defect (VSD) occurring as a com- 
plication of acute myocardial infarction has been as- 
sociated with a poor prognosis if treated medically. 
Surgical closure of the defect, if carried out at least 6 
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weeks after infarction, results in a 30% 1 year sur- 
vival rate, as published reports show. To date, surgical 
repair attempted within the first 2 weeks has been as- 
sociated with a prohibitively high mortality rate. At 
Stanford, 10 patients (age range 55-74 years) have 
undergone emergency surgical closure of the defect 
within an average of 8 days after infarction, and 5 
days after the appearance of VSD. Each patient had 
refractory cardiogenic shock following the sudden onset 
of the typical findings of a VSD. The diagnosis was 
confirmed preoperatively by an oxygen step-up in the 
right ventricle. Surgical repair in each case involved 
closure of the defect with a Teflon® patch supported in 
place by mattress sutures and Teflon felt pledgets, in 
addition to resection of an associated ventricular aneu- 
rysm in 2 patients. Five patients died within 1 week 
after surgery. The other 5 patients remain clinically 
well an average of 14 months (range 7-43 months) 
after surgery. Residual shunts are present in 2 pa- 
tients. 

This small series shows that successful surgical 
treatment of ventricular septal defects can be ac- 
complished within 2 weeks after infarction. The 1 year 
survival rate of 50% compares favorably with the re- 
sults of elective repair of VSD’s occurring after infarc- 
tion. 


The Role of Platelet Aggregation in Catecholamine- 
Induced Cardiac Necrosis: Electron Microscopic and 
Drug Studies 


JACOB !. HAFT, MD*; KENNETH GERSHENGORN, MD; PAUL 
KRANZ, MD; FRANK ALBERT, MD; ROLF OESTREICHER, MD; 
KAZEM FANI, MD, New York, New York 


To determine if the cardiac necrosis seen after cate- 
cholamine infusion in experimental animals might be 
due to platelet aggregation in the capillaries of the 
heart (catecholamines cause platelet aggregation in 
vitro), studies (1) using drugs known to inhibit plate- 
let aggregation and (2) using electron microscopic 
methods were undertaken. In 1 study, 30 dogs were in- 
fused with epinephrine (4 pg/kg per min). Ten were 
pretreated with aspirin, 10 grains twice daily (A) for 
4 days, 10 pretreated with dipyridamole, 50 mg twice 
daily (D), and 10 served as control dogs. All dogs had 
a significant increase in blood pressure during infu- 
sion. The dogs were killed 1 week later, and sections of 
the myocardium were studied histologically with necro- 
sis graded 0 to +++. All control dogs had cardiac ne- 
crosis; 5 +++, 3 ++ and 2 +. Seven of the 10 dogs 
treated with A and 7 of the 10 treated with D had no 
necrosis (P <0.01). One dog pretreated with D had 
++, 1 had + and 1 trace necrosis; 3 dogs treated 
with A had + necrosis. In another study, 4 dogs were 
infused with norepinephrine, 4 „g/kg per min for 4 
hours. At the end of the infusion they were killed, and 
cardiae sections were studied with the electron micro- 
scope. In al! dogs capillaries were found that contained 
platelets adherent to the walls and to each other. Nu- 
merous capillaries were completely occluded by platelet 
thrombi with and without interspersed fibrin. The 
endothelium of the capillaries was damaged in some 
instances, but intact in others, thus suggesting that the 
aggregation of platelets was primary and not secon- 
dary to wall injury. i 

It is concluded that platelet aggregation in capillaries 
plays a significant role in the production of cardiac 
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necrosis by catecholamine infusion. This demonstra- 
tion that platelet aggregation can be induced in blood 
vessels by catecholamines in vivo raises the possibility 
that the relation between stress and coronary athero- 
sclerosis may be through catecholamine-induced aggre- 
gation of platelets on vascular endothelium serving as 
the nidus for the development of atherosclerotic 
plaques. 


Left Ventricular Function Following Successful 
Aortocoronary Vein Bypass 


GLEN W. HAMILTON, MD*; DOUGLAS K. STEWART, MD; KEN- 
NETH L. GOULD, MD; J. W. KENNEDY, MD, Seattle, Washington 


A previously published report suggested that success- 
ful aortocoronary vein bypass surgery is accompanied 
by improvement in left ventricular performance. This 
question was reexamined using standard hemodynamic 
and biplane angiocardiographic techniques. Pre- and 
postoperative results are available in 11 consecutive 
patients who had single (2), double (9), or triple (1) 
vein grafts which were patent at the time of restudy. 
After operation, angina was completely relieved in all 
patients. Values for left ventricular end-diastolic pres- 
sure (13 + 5-11 + 6), end-diastolic volume (81 + 17-77 
+ 12), stroke volume (44 + 12-39 + 9) and systolic 
ejection fraction (SEF) (55 + 12-51 + 7) were not 
significantly changed after surgery. Neither patients 
with normal SEF (5) nor those with depressed SEF 
(6) demonstrated significant postoperative changes. We 
were unable to confirm an improvement in ventricular 
performance and believe that aortocoronary surgery 
preserves rather than improves ventricular perfor- 
mance, 


Alterations in Renal Vascular Resistance Following 
Coronary Artery Occlusion in Dogs 


HENRY G. HANLEY, MD*; ALBERT E. RAIZNEP, MD; THOMAS V. 
INGLESBY, MD; NEWMAN S. SKINNER, Jr., MD, Atlanta, Georgia 


Since acute myocardial infarction with hypotension and 
cardiogenic shock appears to be infrequently associ- 
ated with acute tubular neerosis (ATN), accounting 
for only 19 of 1,731 cases of ATN in several large 
series, it seemed pertinent to study the behavior of the 
renal vascular bed during experimental coronary ar- 
tery occlusion (CAO). Both initial reflex responses and 
subsequent alterations in total renal vascular resis- 
tance (RVR) were evaluated (total 33 dogs) during 
CAO. An innervated, constant blood flow, perfused kid- 
ney preparation was used, which incorporated a delay 
circuit in the perfusion tubing so that any initial 
changes (up to 120 seconds) in RVR following CAO 
could only be of reflex origin. In all animals, CAO re- 
sulted in a mean decrease in systemic arterial pressure 
(SAP) of 27.8 + 2.3% SEM. Despite this, the reflex re- 
sponse ef the renal vascular bed was vasodilatation in 
18 of 23 dogs. Mean RVR decreased 7.4 + 24% (P 
<0.005). CAO was maintained for 11 or more minutes 
in 10 dogs. Reflex and persistent renal vasodilatation 
occurred in 7, whereas only 1 showed reflex and persis- 
tent vasoconstriction. The mean response of these 10 
was persistent renal vasodilatation (P <0.05). In con- 
trast, hemorrhage for brief periods (10 dogs), result- 
ing in the same degree of deerease in SAP as CAO, 
was associated with an average increase in RVR of 
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12.0 + 3.6% (P <0.005). In addition, ventricular fibril- 
lation in every animal resulted in marked, immediate 
reflex increases in RVR. Following beta adrenergic 
blockade (propranolol) in 10 dogs, CAO resulted in ini- 
tial reflex vasodilatation, but this was followed by later 
vasoconstriction (P <0.05). The anticipated response 


- to reduced SAP is that of reflex vasoconstriction 


through baroreceptor mechanisms. In these animals, 
the capacity for the renal vascular bed to vasocon- 
strict reflexly was demonstrated by 2 different stimuli. 
In spite of this, the response of the renal vascular bed 
to CAO was that of vasodilatation. Although these data 
were obtained in anesthetized animals and represented 
only short periods of study, they appear to be signifi- 
cant as regards the demonstration of paradoxical reflex 
responses. 


Dopamine in the Treatment of Refractory 
Cardiogenic Shock 


DONALD C. HARRISON, MD, FACC*, Stanford, California 


Dopamine, a precursor in the biosynthesis of norepi- 
nephrine, has been shown previously to have potent ino- 
tropic actions when administered in small doses, while 
producing little change in heart rate and blood pres- 
sure. This agent was administered in 32 instances to 
28 patients with cardiogenic shock who were refrac- 
tory to other forms of therapy. Therapeutic benefit 
was noted at doses as low as 2 „g/kg per min, but in 
some patients the administration of 20 „g/kg per min 
was required to maintain a prolonged benefit. The drug 
was administered for more than 24 hours to 15 pa- 
tients in this series. The blood pressure increased in 22 
of 32 patients and increased to greater than 90 mm Hg 
systolic in 11. Urinary output was increased signifi- 
cantly in 19 of 32 patients, and to greater than 50 ml/ 
hour in 12. The clinical response was judged to be good 
in 18 patients. In 2 patients ventricular arrhythmias 
developed, limiting the dose which could be adminis- 
tered, and 2 others had prolonged chest pain associated 
with an increase in blood pressure produced by dop- 
amine. Other side effects were minimal. It is con- 
cluded that dopamine in small doses produces hemody- 
namic improvement in many patients with refractory 
cardiogenic shock. With larger doses, its circulatory 
effects can be maintained for long periods, and when 
tachyphylaxis develops, increases in the dose may con- 
tinue to produce beneficial effects. 


Experimental Atrial Fibrillation in Conscious Dogs 


EDWARD W. HAWTHORNE, MD, PhD, FACC*; JOSEPH E. HINDS, 
MD, PhD, Washington, D. C. 


Studies were undertaken to study cardiac performance 
in conscious dogs with atrial fibrillation (AF). Dogs 
were fitted with instruments under aseptic technique, 
with left ventricular internal diameter, left ventricular 
pressure cells, left atrial pressure, aortic pressure cells, 
electrodes were placed into left atrial and ventricular 
walls for measurement of left atrial and ventricular 
electrograms, respectively. Atrial fibrillation was pro- 
duced through atrial stimulation at high frequency. 
AF was studied before and during periods of infusion 
with norepinephrine, glucogen, atropine SO,, propran- 
olol and before and after digitalization with ouabain. 
AF was analyzed using serial autocorrellogram and 
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the mean square spectral density analysis of total cy- 
cle lengths. The latter revealed that in AF there are 2 
discrete peaks which shift to the right with norepi- 
nephrine activity and to the left with digitalization. 
These data tend to support the findings of Moe et al., 
of the presence of a nonrandom phenomenon, most 
likely due to concealed conduction. However, these data 
tend to counter the hypothesis of Bootsma et al. that 
the ventricular irregularities seen in AF are due to 
randomly spaced atrial impulses of random strength 
reaching the atrioventricular node from random direc- 
tions. Evidence is presented which shows that myo- 
cardial contractility is continually changing from beat 
to beat during AF. 


The Correlation of S-T Segment Elevations and 
Axis Shifts in Graded Treadmill Exercise Tests with 
Coronary Arteriographic Findings 


FRED HEGGE, MD*; NAIP TUNA, MD, PhD, FACC; HOWARD 
BURCHELL, MD, PhD, FACC, Minneapolis, Minnesota 


To determine the relation between coronary arterio- 
graphic findings and S-T segment elevation or axis 
shifts after exercise, the treadmill tests of 158 patients 
who had had coronary arteriograms were reviewed. Oc- 
clusion of the right, left main, anterior descending 
and left circumflex arteries was graded on a scale of 0 
to 4. All 5 patients with S-T segment elevation in leads 
II, III and aVF had severe arterial disease with no spe- 
cific arterial predominance and no uniform changes on 
the resting electrocardiogram (ECG). All 12 patients 
with S-T segment elevation in the precordial leads had 
severe disease of the anterior descending artery, but 
only 6 had anterior myocardial infarction on resting 
ECG. Thirteen patients had significant axis shift after 
exercise. Four of 9 with right axis shift and 3 of 4 
with left axis shift had severe arterial disease, but 
there was no specific arterial predominance in either 
group. Of 108 patients with no axis shift, 73 had severe 
arterial disease. 


Conclusions: (1) Post-exercise S-T segment eleva- 


tion in the precordial leads was associated with severe 
coronary artery disease, particularly in the left an- 
terior descending artery; (2) post-exercise S-T seg- 
ment elevation in leads II, III and aVF was associated 
with severe coronary artery disease, but without pre- 
dominant involvement in any specific artery; (3) right 
axis shift was not associated with an increased inci- 
dence of coronary artery disease and (4) left axis 
shift was associated with severe coronary artery dis- 
ease in 3 of 4 patients, but its significance is unclear 
because of small group size. 


Myocardial Glycogen Content and Myocardial 
Function During Anoxia 


ROBERT L. HEWITT,* MD; DAVID M. LOLLEY, MD, New Orleans, 
Louisiana 


Cardiac glycogen is known to be a substrate for gly- 
colysis during cardiac anoxia. The following study was 
designed to assess a possible protective effect of in- 
creased myocardial glycogen stores in the anoxic work- 
ing heart. 

Two groups of dogs were studied; those in group I 
(6 animals) were restricted to a fat diet for 3 days 
before study, and those in group II (5 control animals) 
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were fed a routine maintenance diet. Following con- 


. trolled ventilation with oxygen (100%) and left thora- 
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 cotomy for monitoring of left atrial, left ventricular 


and aortic pressures, ascending aortic blood flow and 
left ventricular contractions by an epicardial mercury 
gauge, the animals were ventilated with nitrogen 
(100%) for 5 minutes and subsequently with Où 


(100% ) during recovery. Serial biopsy specimens taken 


from the apex of the left ventricle were immediately 
frozen and later analyzed for glycogen by an anthrone 
method. pH, blood gases, electrolytes and catechol- 
amine levels were measured, and left ventricular dp/dt, 


= work, index of contractility, tension-time index and 


peripheral arterial resistance were determined. 
. Animals in group I were found to have significantly 
elevated myocardial glycogen levels (1,456 + 190 ug/ 


. 100 g heart muscle) as compared to those in group II 


(732 + 150 ug/100 g heart muscle). After 5 minutes of 
breathing nitrogen and during recovery, group I dem- 


X onstrated a significantly greater (P <0.01) decrease in 
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myocardial glycogen than did group II. After 1 minute 
. of anoxia dp/dt was significantly higher( P <0.05) for 
group I than for group II. Myocardial glycogen utiliza- 
tion was observed to correlate closely with left ven- 


tricular dp/dt and with left ventricular work during 


and after anoxia. These observations support the con- 


cept that increased levels of myocardial glycogen may 


be beneficial to the heart during brief periods of anoxia. 


— Near Miss ‘‘Pseudo-Complications”’ of 
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3 Cardiac Catheterization 


FRANK J. HILDNER, MD, FACC*; ROGER P. JAVIER, MD; K. 
RAMASWAMY, MD, FACC; PHILIP SAMET, MD, FACC, Miami 
Beach, Florida 


Cardiac catheterization (Cath) procedures may be as- 
sociated with serious complications, even when per- 
formed in a technically flawless fashion. This prospec- 
tive study investigated complications preceding (and 
not caused by) cardiac catheterization over a 12 month 
period. All complications that occurred in the 48 hours 
preceding the scheduled catheterizations were termed 
“near miss pseudo-complications.” A total of 1,036 
diagnostic catheterizations were performed in this 
period. 

There were 26 (2.6%) near miss pseudo-complica- 


| tions, including 12 (1.2%) sudden deaths in patients 


— (mean age 63) who were scheduled for but who had not 


yet undergone Cath. These included myocardial infarc- 


P tion (6), asystole, ventricular tachycardia or fibrilla- 
- tion (5), cerebrovascular accident (3), peripheral ar- 


terial occlusion (3), pulmonary embolization (1), car- 
diac rupture with tamponade (1), severe congestive 
- heart failure (1), cardiogenic shock (2) and sudden 


- death for unknown reasons (4). Four additional pa- 
. tients died while awaiting admission to the hospital 
- for possible Cath. There were 26 (2.6%) major com- 


plications, including 6 (0.6%) deaths (mean patient 
age 52) which occurred soon after the 1,036 Caths were 
performed. 

Similar complications were noted in both groups of 
patients, both catheterized and uncatheterized, during 
this period of time. Twice as many deaths occurred in 
those awaiting Cath. The incidence of “complications” 
would have doubled and the mortality rate tripled if 
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the procedure had been performed up to 48 hours ear- 
lier in the 26 patients in the near miss group. The in- 
cidence of complications after Cath is materially in- 
fluenced by the chance occurrence of complications re- 
sulting from a severe disease process. 


Angiographic Analysis of Left Ventricular 
Performance in Patients with Rheumatic 
Mitral Stenosis 


JOHN A. HOLZER, BA; JOEL S. KARLINER, MD*; ROBERT A. 
O'ROURKE, MD; KIRK L. PETERSON, MD; NINA S. BRAUNWALD, 
MD, FACC, La Jolla, California 


Reeently it has been suggested that impaired left ven- 
trieular performance is frequent in patients with rheu- 
matic mitral stenosis (RMS). Accordingly, in 9 pa- 
tients with pure RMS, 5 biplane, 2 frontal and 2 lateral 
cineangiocardiograms were obtained. In each patient 2 
to 8 beats were analyzed and compared. Ejection frac- 
tion (EF) and the mean rate of circumferential fiber 
shortening (MRFS) at the minor left ventricular equa- 
tor were calculated for each beat; in 3 patients with 
atrial fibrillation average values were obtained. EF 
ranged from 0.33 to 0.61 in 5 patients and was abnor- 
mal («0.51) in 3. The MRFS in the frontal projection 
ranged from 0.52 to 1.70 circumferences (circ) /sec 
and was consistently abnormal («1.2 circ/sec) in 2 of 7 
patients, In the lateral projection MRFS ranged from 
0.43 to 4.52 circ/sec and was consistently impaired in 
5 of 9 patients. The EF and MRFS were concordant in 
14 beats and discordant in one or both projections in 7 
contractions. No patient had a normal MRFS in both 
projections in all analyzed beats. Six patients under- 
went suecessful mitral commissurotomy and are in 
class I and II (New York Heart Association) 1 month 
to 2 years after operation. We conclude that impaired 
left ventricular mechanical performance is common in 
patients with pure RMS but that these abnormalities 
may not be related to prognosis after operation. 


Prediction of Acute Changes in Left Atrial 
Hemodynamics from the P Wave 


P. G. HUGENHOLTZ, MD, FACC*: J. HEIKKILA; C. V. NELSON, MD, 
Rotterdam, The Netherlands anc Portland, Maine 


Earlier studies have shown that sudden changes in 
hematocrit or volume of end-diastolic blood mass will 
profoundly alter beat to beat QRS configuration. To 
evaluate this effect on the P wave, packed cell infusion 
or hemodilution was carried out in 13 dogs, while 
spatial magnitudes were measured from a 24 electrode 
grid. By varying resistivity over a range from 67 to 
671 ohms/em (p) a linear relation between (5) and 
peak spatial magnitude of the P wave (r — 0.89, P 
« 0.001) was shown. 

Pulmonary capillary wedge (PCW) pressures were 
monitored with Swan-Ganz fiow-directed catheters for 
several days in 32 patients admitted to the coronary 
care unit. Electrocardiographic P terminal forces 
(PTF) from lead V, were correlated in 91 instances 
with simultaneous PCW. PTF correlated significantly 
with PCW (r = 0.82). If PCW exceeded 12 mm Hg, 
PTF was always abnormal, that is, less than —0.030 
mm sec. Sequential changes of PCW and PTF were 
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concordant in 46 instances. It appears that acute P 
wave alterations provide a useful, serial assessment of 
acute hemodynamic dysfunction of the heart. 


Electrocardiographic Localization of Injury in 
Acute Myocardial Infarction: Relation to Left 
Ventricular Function and Cardiac Pump Failure 


J. L. HUGHES, MD*; RICHARD R. MILLER, MD; ANTONE SALEL, 
MD; RASHID A. MASSUMI, MD, FACC; ROBERT F. ZELIS, MD, 
FACC; DEAN T. MASON, MD, FACC; EZRA A. AMSTERDAM, MD, 
FACC, Davis, California 


The relation of electrocardiographie (ECG) location of 
cardiac damage to ventricular function and clinical 
course was evaluated in 143 patients with acute myo- 
cardial infarction (AMI). AMI’s were classified by 
ECG as anterior (Ant), inferior (Inf) or anterior-in- 
ferior (Ant-Inf). Hemodynamic assessment revealed 
striking depression of ventricular function in Ant-Inf 
compared to Ant and Inf (P —0.01) ; stroke work index 
(SWI)—Ant-Inf, 21.2 g-m/m?; Ant 30.1; Inf 29.1. 
Further evaluation by 2-point ventricular function 
curves (obtained by tilt or fluid infusion) differentiated 
(P <0.01) Ant from Inf: Inf—pulmonary arterial 
wedge pressure (PAW) 7.5 to 15.5 mm Hg, SWI 27.3 
to 40.1 g-m/m? (+49%); Ant—PAW 7.2 to 14.9 mm 
Hg, SWI 28.9 to 32.1 g-m/m?. Cardiogenic shock oc- 
curred in only 7% of Inf (4 of 56 patients), 20% of 
Ant (14 of 70 patients, P <0.01), and 53% (8/15 pa- 
tients, P <0.01) of Ant-Inf. Likewise, mortality was 
similarly related to location of AMI: Inf 29%, Ant 
35%, Ant-Inf 69%. Therefore, location of AMI by ECG 
correlates with hemodynamic aberration and provides 
an indication of prognosis. Inf is associated with rela- 
tively greater preservation of myocardial function 
than Ant, and Ant-Inf is particularly associated with 
ventricular dysfunction and severity of clinical course. 


Disseminated Intravascular Coagulation 
Complicating Severe Congestive Heart Failure 


SAMUEL B. ITSCOITZ, MD*; STEPHEN E. EPSTEIN, MD, Bethesda, 
Maryland 


The syndrome of disseminated intravascular coagula- 
tion (DIVC) has received increasing attention in the 
past few years. Although DIVC often occurs under 
conditions in which regional blood flow is reduced (i.e., 
shock of any origin), reports of DIVC complicating 
congestive heart failure (CHF) are rare. This low in- 
cidence may be more apparent than real, since we re- 
cently studied 10 patients with severe CHF who mani- 
fested DIVC. Diagnosis of DIVC was based on platelet 
count, presence of circulating fibrinogen degradation 
products, prothrombin time, thrombin time, partial 
thromboplastin time, factor V and factor VIII levels 
and bleeding time. Severity of DIVC was variable, 
ranging from marked thrombocytopenia in 1 patient 
(who had 70 g of fresh thrombus in the left atrium 
at operation) to mild transient thrombocytopenia in 
another. Clinical deterioration accompanied DIVC in 
all patients, and evidence of pulmonary embolic disease 
was noted in 8 of 10. Resolution of DIVC followed 
intensive medical therapy alone in 6 of 10, and open 
heart surgery in 3 of 10. One in-hospital fatality oc- 
curred. Our results thus indicate that DIVC is not 
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rare in patients with severe CHF, that it may be as- 
sociated with pulmonary embolic episodes or intracar- 
diac thrombi, and that it appears to be reversible in 
most patients with adequate medical or surgical treat- 
ment of CHF. 


Intravascular Hemolysis and Thrombocytopenia in 
Left Ventricular Outflow Obstruction 


ROBERT JACOBSON, MD; JOSEPH K. PERLOFF, MD, FACC; 
CHARLES RATH, MD, Washington, D. C. 


Despite considerable interest in intravascular hemoly- 
sis (IH) in valvular heart disease, no studies thus far 
have dealt with red cell and platelet survival in iso- 
lated discrete aortic stenosis (AS) and muscular left 
ventricular outflow obstruction (IHSS) of wide sever- 
ity. Catheterization was performed in 20 cases: 11 of 
valvular AS; 2 of nonstenotic bicuspid aortic valves 
(BAV); 1 of discrete congenital subvalvular AS; and 
6 of IHSS. All subjects had hematocrit, reticulocyte, 
platelet and megathrombocyte counts, haptoglobin, lac- 
tic dehydrogenase and Coombs tests, urine hemosiderin 
and peripheral blood smears; 17 had 5!'chromium red 
cell survivals, 3 plasma hemochromagens and 8 bone 
marrow aspirations. Intravascular hemolysis was clas- 
sified as isolated decrease in 5!Cr survival and com- 
pensated or uncompensated hemolytic anemia; platelet 
disorders were classified as isolated increase in mega- 
thrombocytes with or without thrombocytopenia. 

Of patients with valvular AS, 6 had IH (gradients 
52-140 mm Hg), 4 had no IH (gradients 30-54, mild AS 
or severe with heart failure), 4 had increased mega- 
thrombocytes, 3 with and 1 without thrombocytopenia. 
The single patient with discrete subvalvular AS had 
IH with normal platelets, gradient 55. Both patients 
with nonstenotic BAV had IH, 1 with increased mega- 
thrombocytes. Of the patients with IHSS, 4 had IH 
with decreased platelets. We conclude that in discrete 
AS, IH is more likely in severe AS before failure; 
platelet disorders correlate poorly with gradients. Pre- 
viously unreported IH and platelet disorders were 
found with both unobstructed BAV and with IHSS. 


The Effects of Lidocaine on Refractory Periods in Man 


MARK E. JOSEPHSON, MD*; ANTHONY R. CARACTA, MD; JOHN 
J. GALLAGHER, MD; SUN H. LAU, MD; ANTHONY N. DAMATO, 
MD, Staten Island, New York 


The refractory periods (RP) of the atrium, atrioven- 
tricular node (A-VN) and ventricular specialized con- 
duction system (VSCS) were studied in 10 men using 
His bundle recordings and the extra stimulus method. 
Measurements were made during fixed atrial pacing to 
eliminate the effect of changing preceding cycle length 
on refractoriness. After these values were obtained, a 
bolus of lidocaine (1 mg/kg) was given followed by an 
infusion of 1 mg/min. The refractory periods were 
then restudied over the next 30 to 45 minutes. 
Lidocaine significantly shortened (730 msec) the 
RP of the atrium 30 to 70 msec in 5 of 9 patients, and 
in only 1 patient did the atrial RP increase. The RP of 
the A-VN was not significantly influenced by lidocaine, 
and in the 2 patients in whom the RP of the VSCS 
could be measured it was not altered. However, in all 
patients in whom an RBBB-LAH pattern of aberrant 
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conduction developed during premature depolarization 
lidocaine shortened the relative refractory period, i.e., 
reduced the H,-H, interval at which aberration oc- 
curred. In addition, after lidocaine 1 patient exhibited 
RBBB-LPH at the same H,-H, interval that previously 
demonstrated RBBB-LAH. In 1 patient aberration was 
totally prevented. 

These results indicate that lidocaine might be useful 
in some reentrant atrial tachyarrhythmias. In addition, 
the lack of appreciable effect on the RP of the A-VN 
and VSCS confers on lidocaine relative safety in the 
management of arrhythmias in the presence of various 
degrees of atrioventricular block or ventricular conduc- 
tion defects. 


Echocardiographic Diagnosis of Left Atrial Thrombi 


MASANOBU KAMIGAK!I, MD*; THOMAS SWEATMAN, MD; JUDITH 
BASFORD, BA; KEITH E. COHN, MD, FACC, San Francisco, Cali- 
fornia 


Systemic emboli, consequent to left atrial thrombosis, 
constitute a serious complication of rheumatic heart 
disease, and their recognition could be of considerable 
clinical value. We have studied 41 patients with mitral 
stenosis with echocardiographic techniques, directing 
the beam of ultrasound through the aortic root or the 
left ventricle into the left atrial chamber. Four patients 
had findings suggesting the presence of left atrial 
thrombus, and in each of these the diagnosis was later 
confirmed by cineangiography and subsequent cardiac 
surgery. The echocardiographic findings noted were 
(1) inereased thickness of a portion of the posterior 
left atrial wall; (2) a mass projecting into the left 
atrial cavity; and (3) decreased movement of a portion 
of the left atrial wall. These ultrasound findings were 
not noted in the remaining 37 patients with mitral 


_ stenosis, and cineangiography and cardiac surgery in 


24 of these revealed no thrombi were present. These 
findings differ from those seen in atrial myxoma, which 
are mobile tumors and do not produce the same poste- 
rior wall abnormalities. 

This study indicates the usefulness of echocardiogra- 
phy as a noninvasive method for detecting left atrial 
thrombi in patients with rheumatic heart disease. This 
technique should facilitate decisions regarding anti- 
coagulation and suggest the optimal means of approach- 
ing the left atrium during cardiac catheterization or 
surgery. 


Role of Blood Pressure in the Development of 
Congestive Heart Failure: The Framingham Study 


WILLIAM B. KANNEL, MD, FACC, FACP, MPH*; WILLIAM P. 
CASTELLI, MD*; PATRICIA M. McNAMARA; PATRICK A. McKEE, 
MD; MANNING FEINLEIB, MD, DPH, Framingham, Massachu- 
chusetts, Durham, North Carolina anc Washington, D. C. 


A representative population sample of 5,192 men and 
women was followed up for 16 years; during this time 
142 persons had overt congestive failure (CF). In the 
age range 30 to 62 years the dominant etiologic pre- 
cursor was hypertension, which preceded failure in 
75%. Hypertensive subjects had 6 times more CF than 
normotensive subjects. 

Examination of the risk of myocardial hypertrophy 
on X-ray film and electrocardiogram according to an- 
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tecedent systolic versus diastolic pressure revealed lit- 
tle to suggest a greater role for diastolic pressure. 
Discriminant analysis failed to show a stronger net 
effect for diastolic pressure. Both systolic and diastolic 
pressure, the mean arterial pressure, the pulse pressure 
and tension-time index discriminated potential hyper- 
trophy and failure no better than systolic pressure 
alone. Examination of the regression of heart weight 
and left ventricular thickness at autopsy on premorbid 
systolic versus diastolic pressure revealed slopes with 
similar gradients and a better correlation with systolic 
than diastolic pressure. CF was a lethal phenomenon 
with only 50% surviving 5 years. Early, vigorous and 
sustained control of essential hypertension— systolic as 
well as diastolic—would appear the chief means for 
preventing CF in the gereral population. 


Effects of Varying End-Diastolic Volume and 
Inctropic State on Ventricular Performance 
During Atrial Fibrillation in Man 


JOEL S. KARLINER, MD*; JAMES H. GAULT, MD; RICHARD J. 
BOUCHARD, MD; JOHN B. UTHER, MD; KIRK L. PETERSON, MD; 
RALPH SHABETAI, MD, FACC, La Jolla, California 


A study of the influence on ventricular performance of 
variations in end-diastolic volume (EDV) compared 
with alterations in inotropic state due to abrupt cycle 
length change has not been adequately performed in 
man. Accordingly, in 10 patients with atrial fibrilla- 
tion (AF), 65 beats were analyzed by cinangiocardiog- 
raphy. In each, arterial pressure, R-R interval, EDV, 
ejection fraction (EF), and the mean rate of circum- 
ferential fiber shortening (MRFS) at the minor left 
ventricular equator were measured. The length of the 
preceding diastolic filling period correlated well with 
the subsequent change in EDV (r —0.65, P <0.001). 
The latter bore a significant relation to the change in 
EF (r = 0.70, P «0.0001) and MRFS (r = 0.52, P 
« 0.0001) from the previous beat. The ratio of the pre- 
preceding to the preceding cycle length (RR,/RR.) was 
used to measure the relative degree of abrupt cycle 
length change. This ratio was then utilized as an index 
of myocardial inotropic state, since over a wide range 
it could be demonstrated in 3 patients with AF that as 
RR,/RR, fell, Vmax rose. Changes in RR,/RR, also 
correlated with alterations in the succeeding EF (r — 
—0.69, P <0.001) and MRFS (r = —0.47, P <0.01). 
These data indicate that in man beat-to-beat altera- 
tions of left ventricular performance in AF can be re- 
lated not only to variations in ventricular filling 
(Frank-Starling mechanism) but also to changes in the 
inotropic state of the heart. The results also suggest 
that single measurements of EF and MRFS in patients 
with AF may not be representative of overall left ven- 
tricular performance. 


The Collateral Venous Circulation After 
Glenn Anastomosis 
ROBERT B. KARP, MD*; BENIGNO SOTO, MD, FACC; LIONEL 
M. BARGERON, MD, FACC; ALBERTO BARCIA, MD, FACC, Bir- 
mingham, Alabama 
Clinical deterioration occurs late after Glenn anastomo- 
sis and is characterized by increasing cyanosis and de- 
creasing exercise tolerance. Fifteen children with tri- 
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cuspid atresia or common ventricle were examined 4 to 
8 years after a satisfactory superior vena cava-right 
pulmonary artery shunt. All patients had initial pallia- 
tion to various degrees then later deterioration. They 
were studied with biplane selective angiography with 
injections into the left ventricle and left subclavian 
vein. All patients showed development of collateral 
venous circulation which in the presence of an open 
anastomosis limited effective shunt flow by stealing 
blood from the right lung through the following chan- 
nels: (1) Oblique vein of Marshall which may have 
predated the shunt as a patent left superior vena cava 
or, more frequently, developed patency in a vestigial 
channel. Both drain to coronary sinus. (2) Other sys- 
temic drainage including internal mammary tribu- 
taries, hemi-azygous system, and pericardial and thy- 
mic veins. Most patients revealed additional compro- 
mise of circulation to left pulmonary artery in the 
form o? closure of atrial or ventricular septal defect or 
acquisition of pulmonary atresia. These patients were 
treated by ligation of the venous collateral vessel and 
creation of an additional systemic to pulmonary artery 
shunt. The importance of programmed restudy of chil- 
dren after Glenn anastomosis by venous angiography 
and left ventriculography is stressed. 


S-T Segment Isolation as a Means of Improving 
Diagnostic Accuracy in Treadmill Stress Testing 


FRANK J. FORLINI, Jr., MD.; KEITH E. COHN, MD., FACC; 
MANLY F. LANGSTOM, Jr., MD, San Francisco, California 


Treadmill stress testing is limited in its diagnostic ca- 
pacity by electrocardiographic artifact, observer varia- 
tion, and upward sloping S-T segments in both normal 
persons and patients with coronary artery disease 
(CAD). With use of computer analysis, a method of 
S-T segment isolation (IST) has been developed which 
identifies patients with CAD even in the presence of 
upward sloping S-T segments. Maximal exercise was 
performed by 151 subjects on a treadmill; speed and 
slope were increased every 3 minutes. Signals from a 
bipolar chest lead were averaged repeatedly over 10 
second intervals. The S-T segments were electrically 
isolated from the T waves, and ISTs were quantified 
with regard to slope, magnitude and integral of de- 
pression. Group I comprised 62 normal control sub- 
jects; Group II comprised 35 patients with unequivocal 
clinieal or coronary angiographic evidence, or both, of 
CAD and typically abnormal stress tests (> 1 mm flat 
or downsloping S-T segments); Group III comprised 
54 patients with CAD and normal or nondiagnostic 
stress tests by standard inspection. IST integral values 
of —6.0 to —10.0 pv-sec (depending on heart rate) 
separated Groups I and II. With these criteria, 40 of 
54 patients in Group III were correctly identified as 
having CAD. Only 3% false positive and 17% false 
negative results were observed. We conclude that de- 
termination of the isolated S- T segment integral facili- 
tates diagnosis of ischemia during treadmill testing, 
improves diagnostic specificity and sensitivity, and is 
preferable to simple visual inspection of the exercise 
electrocardiogram. 
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Ineffectiveness of Prophylactic Atropine in 
Decreasing Arrhythmias and Enhancing Survival 
Following Acute Coronary Artery Occlusion in 
Conscious Dogs | 


RICHARD B. KARSH, MD*; MICHAEL ORLANDO, PhD; DOUGLAS 
NORMAN, BS; STEPHEN E. EPSTEIN, MD, Bethesda, Maryland 


Sudden death occurring shortly after acute myocardial 
infarction (AMI) probably results from ventricular 
fibrillation (VF). Since increased heart rate (HR) sup- 
presses some ventricular arrhythmias, self-administra- 
tion of atropine at onset of AMI has been advocated as 
a measure to reduce AMI mortality. To test this hy- 
pothesis, AMI was produced in 55 conscious, closed 
chest dogs by inflation of a balloon cuff previously im- 
planted around the left anterior descending coronary 
artery (LAD). Ten minutes after occlusion, 28 dogs 
were treated with atropine, maintaining HR between 
90 and 120/min. After 1 hour occlusion was released 
for 10 minutes and “release arrhythmias” recorded. 
The LAD was then reoccluded 2 more hours. The re- 
sults are shown in Table I. 

A significantly greater incidence of ventricular ar- 
rhythmias occurred during occlusion in the atropine- 
treated animals. Although release arrhythmias and 
sudden death (VF) also occurred more often in the 
treated group, this trend was not statistically signifi- 
cant. Moreover, arrhythmias, including VF, occurred 
more frequently (P <0.05) in dogs that had spon- 
taneously fast heart rates ( 285/min) after 10 min- 
utes of occlusion. We conclude the following: (1) Slow 
heart rates following experimental AMI are associated 
with a decreased risk of developing arrhythmias and 
sudden death than higher rates; and (2) atropine tends 
to increase the incidence of arrhythmias during AMI. 
If these results are applicable to man, routine admin- 
istration of atropine may be not only without benefit 
but deleterious in some patients with AMI. 


TABLE | 
Results 
Occlusion Release VF 
Animals Arrhythmias Arrhythmias (Death) 
Control 48% 64% 18% 
Atropine-treated 93%* 88% 39% 
"P <0.01. 


Twenty-Four Hour Left Ventricular Bypass in the 
Unanesthetized Dog: A Study Employing 
Transthoracic Cannulation and a Paracorporeal 
Roller Pump 


S. KAZAMA, MD; E. H. LERNER, VMD; H. METZ, BS; J. A. WALD- 
HAUSEN, MD, FACC; WILLIAM S. PIERCE, MD, FACC*, Hershey, 
Pennsylvania and Bethesda, Maryland 


A series of dogs were prepared for left ventricular by- 
pass by suturing 1 end of a 12 mm Dacron® graft to 
the unopened wall of the left atrium and burying the 
other end in the subcutaneous tissue. Several days 
later, the left atrium was cannulated with a no. 28F 
silicone rubber mushroom catheter. This catheter was 
held taut by a sharp stylet and was introduced through 
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. the Dacron graft during positive pressure ventilation. 


The mushroom catheter was connected to the inflow 


. line of a small air-driven roller pump. Pump output was 
delivered into the divided ends of the left carotid ar- 
tery. The animals stood in a supportive sling after 


pumping had been initiated. The dogs breathed room 
air. 

Ten dogs underwent successful left ventricular by- 
pass for 24 hours. The mean flow rate during bypass 


. was 62 ml/kg per min, the mean arterial pressure was 
113 mm Hg immediately after starting pumping, and 
. 88 mm Hg at the termination of pumping. The mean 


plasma hemoglobin determination after bypass was 71 
mg/100 ml. Upon termination of bypass, the catheters 
in the left atrium and in the left carotid artery were 
removed and the overlying skin was closed. One week 


after bypass the dogs were sacrificed. The punctured 
= wall of the left atrium was found to have healed well. 


This study indicates the feasibility of temporary long- 


— term left ventricular bypass in the dog. We believe that 

the technique of transthoracic cannulation, when prop- 
- erly employed, is a safe method of introducing a large 
— caliber catheter into the left atrium. 


- The Evolution of Coronary Arterial Pathology in 


Patients with Angina Pectoris as Determined by the 
Coronary Arteriogram 


DEMETRIOS KIMBIRIS, MD*; PETER LAVINE, MD; HANS VAN 
DEN BROEK, MD; MOOSA NAJMI, MD; WILLIAM LIKOFF, MD, 
FACC, Philadelphia, Pennsylvania 


The progression of coronary artery disease (CAD) was 
determined by repeat coronary arteriography in 48 
patients with typical angina pectoris. Thirty-eight pa- 
tients were male and 10 were female; their ages aver- 
aged 48.8 years. The average interval between arterio- 
grams was 22.5 months. The total patency of the 
coronary arteries was graded as 300, with each of the 
3 main vessels scoring 100. The lesions were measured 
as percent of total lumen obstruction. 

There were 2 groups of patients. Group A comprised 
37 patients, 3 of whom had significant disease in a 
single vessel, 5 had 2-vessel and 29 had 3-vessel dis- 
ease in the initial study. On the repeat arteriogram, 
findings in 2 of 3 patients with single vessel disease 
remained unchanged. The third had a 7% increase in 
total lumen obstruction. Findings in 5 patients with 2- 
vessel disease were unchanged, but 4 of this group had 


a 21.4% increase in total obstruction. Twenty-five of 
the 29 patients with 3-vessel disease had an increase in 


total lumen obstruction of 13.3% ; in 4 obstruction was 
unchanged. There were 26 coronary arteries noted to 
have only lumenal irregularities. In only 4 instances 
was progression to significant obstructive lesions noted 
in the second arteriogram. Group B comprised 11 pa- 
tients with angina pectoris who had no coronary dis- 
ease on either examination. 

In patients with significant coronary disease, there 
was a 13.8% average increase in total coronary lumen 
obstruction in 22.5 months. Because of the degree of 
disease present initially, this increase could have ma- 
terial clinical effect. In addition, those patients who had 
no coronary disease initially remained free of disease 
despite a clinical history of typical angina pectoris. 
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Myosins from Right and Left Ventricle: Comparison of 
Adenosine Triphosphatase Activities and 
Substructure 


JACK J. KLEID, MD*; MICHIHIKO TADA; ARNOLD M. KATZ, 
MD, FACC, New York, New York 


To examine the possibility that the dissimilar mechani- 
cal conditions under which the mammalian right (RV) 
and left (LV) ventricles contract might be reflected in 
differences in their contractile proteins, the adenosine 
triphosphatase (ATPase) activities and light frag- 
ments of myosins from rat RV and LV were compared. 
Variations in these myosin characteristics might be 
expected in view of findings that skeletal muscles serv- 


ing different physiologic functions have myosins that 


differ in both enzymatic activity and substructure. 

Yields of actomyosin-free myosin from RV and LV 
were similar. No differences in magnesium-activated 
(0.013 ,,moles/min per mg) or calcium-activated (0.11 
Q,moles/min per mg) ATPase activity were noted. 
These activities were, however, significantly higher 
than those of pooled RV-LV canine cardiac myosin, 
prepared and studied under similar conditions. Light 
fragments prepared from RV and LV with 8M urea 
appeared to be identical when separated by polyacril- 
amide gel electrophoresis in sodium dodecylsulfate and 
mercaptoethanol. 

Notwithstanding differences in both afterload and 
dynamic geometry during the cardiac cycles of RV and 
LV, myosins from both ventricles of the rat appear to 
be identical. The higher level of ATPase activity of rat 
cardiae myosin, compared with canine cardiac myosin, 
is consistent with evidence that cardiac maximal 
shortening velocity (Vmax) is greater in the rat, and 
thus supports the view that a property of myosin de- 
termines the Vmax of a muscle. 


"Pacing" Left Ventricular Function Curves in 
Conscious Dogs 


FRANCES KRAFT-HUNTER, BS, MS*; EDWARD W. HAWTHORNE, 
MD, PhD, FACC, Washington, D. C. 


In seeking to determine the efficacy of using "pacing" 
ventricular function curves, obtained from conscious 
instrumented animals, as one means of evaluating ven- 
tricular performance changes that might occur in them 
as a result of some experimental intervention, observa- 
tions have been made of the effects of atrial, ven- 
tricular and sequential pacing in dogs. The left atrium 
and ventricle were paced for short periods at 2, 2.5, 3 
and 3.5 Hz using bipolar electrodes. Then sequential 
pacing using an atrial systole-ventricular systole of 95 
msec was used. The animals were instrumented so as to 
permit simultaneous recordings of dLnP/dt, dP/dt, 
aortic, left ventricular and atrial pressures, left ven- 
tricular internal diameter and the left ventricular elec- 
trocardiogram. The recording of these primary vari- 
ables permitted the calculation for each of a series of 
cardiac cycles, derived variables such as left ventricular 
volumes, stroke work, total peripheral resistance, 
stroke power, cycle lengths and a variety of other vari- 
ables. A small digital computer and A to D converter 
was used for the on-line data acquisition and reduction. 
End-diastolic volume stroke work function curves were 
constructed using the data derived from the stepwise 


The Américan Journal of CARDIOLOGY 


y 


4 





atrial pacing. It was observed that Vog (muscle 
lengths/sec) increased systematically with each in- 
crease in heart rate during atrial pacing. This was not 
seen with either ventricular or sequential pacing. The 
function curves were straight as opposed to the usual 
curvilinear character shown by Sarnoff et al. These 
“pacing” ventricular function curves were shifted to 
the left during periods of norepinephrine infusion and 
to the right after beta blockade with propranolol. Se- 
quential pacing provides usable left ventricular func- 
tion curves in conscious instrumented dogs, and the use 
of this type of “pacing ventricular function curve" as 
one way to evaluate ventricular performance in man 
seems valid. 


Electrical Impedance Cardiogram. 
Measurements from Hearts with Acute Injury 


BERNARD G. KROHN, MD, FACC*; DAVID A. SWAN, MD, FACC; 
JEROME HAROLD KAY, MD, FACC; OSCAR MAGIDSON, MD, 
FACC, Los Angeles, California 


Electrical impedance cardiograms were made from 35 
consecutive patients entering the coronary care unit 
and from 10 normal control subjects daily for 3 days. 
Impedance changes were recorded by passing a 50 kHz 
current at constant voltage through the horizontal 
plane of the thorax at the level of the usual electrocar- 
diographic lead sites. Changes in amperes inversely 
indicated changes in impedance, according to Ohm's 
law. We have earlier shown that these impedance 
changes are related to functions of the heart. Im- 
pedance recordings were examined for evidence of 
acute injury, using the following criteria derived from 
studies of normal subjects and of patients after heart 
surgery: (1) mean impedance above 158 + 33 ohms; 
and (2) beat-to-beat variation in the configuration of 
the scalar impedance tracings. The tracings during 
each of 4 consecutive cardiac cycles differed from the 
others. Thirty-three patients had acute myocardial 
ischemia or acute infarction, and their mean impedance 
reached a maximum of 486 + 203 ohms. This was sig- 
nifieantly higher than in the control subjects (P 
« 0.01). Thirty-one patients had regular sinus rhythm 
and had acute ischemia or acute infarction. Twenty- 
eight of these 31 patients with acute myocardial injury 
showed beat-to-beat variation in their impedance car- 
diograms. Tracings from the normal subjects showed 
no beat-to-beat variation (P 0.01). These studies 
show that in patients with acute myocardial injury the 
mean transthoracic impedance is higher, and cardiac 
cyclical impedance changes are grossly more variable 
than in normal subjects. 


Refractoriness of the Accessory Pathway and 
Mechanisms of Reentry in the Wolff-Parkinson-White 
Phenomenon 


SUN H. LAU, MD*; MARK E. JOSEPHSON, MD; JOHN J. GAL- 
LAGHER, MD; ANTHONY R. CARACTA; P. JACOB VARGHESE, 
MD; ANTHONY N. DAMATO, MD, Staten Island, New York 


Atrial (A), His bundle (H) and ventricular (V) elec- 
trograms were recorded by electrode catheters in 12 
patients with the Wolff-Parkinson-White phenomenon. 
In 6, the pattern of A-V conduction of premature atrial 
test impulses (PI) was determined as they were intro- 
duced progressively earlier in the atrial cycle, during 
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sinus rhythm and fixed-rate atrial pacing. In all pa- — 


tients, the preexcitation pattern normalized at coupling 
intervals of 300 to 350 msec (median 320 msec), asso- 
ciated with prolonged A-H intervals. At shorter in- 
tervals of 260 to 320 msec (median 280 msec), block oc- 
curred in both the A-V node and accessory pathway 
(AP). 

With closely coupled PI, reentrant phenomena 
(echoes, supraventricular tachycardia) were observed 
in 3 patients. The mechanism of reentry utilized the 
AP in a retrograde fashion in 1 patient and the A-V 
node alone in 2 patients. The extra stimulus method 
allowed the functional refractory period of the AP to 
be determined. Conduction delay in the AP occurred 
when PI engaged the AP before the latter completely 


recovered. In all 6 patients, the functional refractory - E 


period of the AP was greater than that of the A-V 
node, thus accounting for the normalization observed. 


Evidence for the Direct Effects of Adrenergic 
Drugs on the Cerebral Vascular Bed 


SALVADOR LLUCH, MD*; CHARLES REIMANN, MD; GERALD 
GLICK, MD, Chicago, Illinois 


Despite considerable research, the question of whether 
adrenergic drugs exert direct effects on the cerebral 
circulation has remained unresolved. With the develop- 
ment of a method for monitoring continuously the en- 
tire cerebral blood flow (CBF) to 1 hemisphere in the 
unanesthetized goat, we have been able to study this 
problem directly. The effects of epinephrine (E), nor- 
epinephrine (N) and isoproterenol (Iso) were investi- 
gated in 30 experiments in which an electromagnetic 
flowmeter had been implanted previously on the in- 
ternal maxillary artery, which, in the goat, provides 
the sole blood supply to a hemisphere. A chronically im- 
planted catheter in the temporal artery permitted close 
intra-arterial injection of drugs directly into the cere- 
bral circulation. Both E and N (0.1 to 5.0 ng) produced 
dose-dependent reductions in CBF, a decrease of 55 + 
3% SEM occurring with the highest dose. These re- 
ductions occurred 8 to 12 seconds before any detectable 
changes in systemic pressure or heart rate. Alpha re- 
ceptor blockade of the ipsilateral hemisphere with 
phenoxybenzamine (500 ug) totally or partially abol- 
ished this cerebral vasoconstriction. Iso (0.01 to 1.0 
ng) produced dose-dependent increases in CBF, an in- 
crement of 75 + 6% occurring with the highest dose. 
These increments preceded detectable systemic effects 
by 10 to 15 seconds. Beta blockade with propranolol 
(200 ug) totally or partially abolished the cerebral 
vasodilation induced by Iso. Thus, E, N and Iso exert 
powerful direct effects on the cerebral circulation of 
the unanesthetized goat, and these effects are mediated 
by alpha and beta receptors. 


Role of Adrenergic Inotropic Stimuli in the Systolic 
Temporal Responses to Exercise 


F. LOPEZ-AROSTEGUI, MD*; WILLARD S. HARRIS, MD; JEAN- 
MAURICE POUGET, MD, FACC; UDAYAN BHADURI, MD, Chicago, 
Illinois 


To investigate mechanisms determining the systolic 
temporal responses to exercise (Ex), we measured sys- 
tolie time intervals, cardiac output (CO), heart rate 
(HR) and arterial pressure before and 30 seconds after 
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a 4-minute step test. Nineteen patients with angina 
and 19 age-matched normal controls performed the test 
twice, once without and once during beta adrenergic 
blockade by alprenolol, 200 mg orally, a dose that 
blocked the effects of isoproterenol, 2.5 „g/min intra- 
venously. Left ventricular ejection time and Q-S,, the 
interval from the Q wave to the second heart sound, 
were corrected for heart rate as LVET, and Q2.. AI- 
prenolol did not change the responses of CO to Ex in 
either group but significantly diminished the shorten- 
ing of preejection period and increase of HR produced 
by Ex in the group with angina. In normal subjects Ex 
before alprenolol shortened Q2. 19 + 4 msec (P 
« 0.001) without changing LVET, but, after alprenolol, 
failed to shorten Q2. and prolonged LVET., 19 + 4 
msec (P <0.001). In patients with angina, Ex failed to 
change Q2, and caused the same lengthening of LVET,, 
27 + 5 msec (P <0.001), both before and after al- 
prenolol. 

Thus, beta-adrenergic blockade converts normal re- 
sponses of LVET, and Q2. to Ex into abnormal re- 
sponses but, in angina patients, does not affect these 
responses, which are already abnormal. These results 
indicate that the normal responses of LVET, and Q2, to 
Ex depend on adrenergic inotropic stimuli. Further- 
more, in patients with angina, failure of Q2. to shorten 
and marked prolongation of LVET, with Ex reflect the 
inability of ischemic left ventricles to respond ade- 
quately to these adrenergic inotropic stimuli. 


The Effects of Ouabain and Diphenylhydantoin on 
Myocardial Potassium Balance in Man 


J. L. McCANS, MD*; FRANCIS J. BRENNAN, MD; MIGUEL A. 
CHIONG, MD, PhD; JOHN O. PARKER, MD, FACC, Ontario, Canada 


Arterial (A) and coronary sinus (CS) plasma potas- 
sium concentrations were studied continuously using 
an automated sampling technique in 33 patients who 
were free of heart failure and who were not receiving 
cardiac drugs. During sampling 14 patients received 
ouabain, 0.01 mg/kg intravenously (IV), 12 received 
diphenylhydantoin (DPH), 250 mg IV, and 7 received 
both drugs, DPH being administered 14 minutes be- 
fore ouabain. 

During a 14 minute control period there was no sig- 
nificant difference between the A and CS K+ in the 3 
groups. Ouabain caused a significant negative A-CS K+ 
difference beginning within 4 minutes and lasting 18 
minutes. The peak difference occurred 6 to 8 minutes 
after ouabain with an A K+ of 3.78 + 0.27 mEq/liter 
and a CS K+ of 3.99 + 0.27 mEg/liter (P <0.001). Left 
ventricular (LV) dp/dt increased after ouabain (1,346 
to 1,544 mm Hg/sec, P <0.001) as did systolic ejection 
rate index (122.8 to 131.0 ml/sec per m2, P = 0.05). 
Heart rate (HR), brachial artery mean pressure 
(BAP), LV end-diastolic pressure (LVEDP) and car- 
diac index (CI) did not change. Following DPH there 
was no change in A or CS K+. LV dp/dt fell transiently 
from 1,133 to 1,009 mm Hg/sec (P <0.001). HR, BAP, 
LVEDP and CI did not change. In the patients receiv- 
ing both drugs, DPH did not prevent either the myo- 
cardial K+ loss or the rise in LV dp/dt following oua- 
bain. These observations in man are compatible with 
theories of digitalis action which associate inotropic 
effect with inhibition of membrane sodium- and K+- 
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activated adenosine triphosphatase, and suggest that 
the action of DPH on the myocardium is not mediated 
by this enzyme. 


Correlation of the Computer Quantitated S—T 
Response to Exercise with the Arteriographic 
Location of Coronary Artery Disease 


PAUL L. McHENRY, MD*; JOHN F. PHILLIPS, MD, FACC; JAMIE 
J. JACOBS, MD, Indianapolis, Indiana 


The S-T segment response to graded treadmill exercise 
was quantitated by digital computer in 85 patients with 
angina pectoris and cineangiographically demonstrated 
ecronary artery disease. All patients had a stenosis of 
one or more major coronary arteries of 75% or greater. 
Each patient was exercised until the onset of chest 
pain and the electrocardiogram was recorded on ana- 
log tape using a modified bipolar V, lead system. All 
patients had a normal resting electrocardiogram with 
this lead system. Twenty-five consecutive QRS eom- 
plexes from the end of exercise and from the immedi- 
ate and 3-minute recovery periods were averaged with 
a digital computer, and the depression and rate of rise 
of the ST segment were quantitated. The S-T segment 
response was then judged to be positive or negative 
using previously determined criteria. 

Seventy (8395) of the patients studied had a posi- 
tive S-T segment response. Of the 15 with a negative 
response, 11 had isolated disease of the right coronary 
artery (RCA) or the left eireumflex artery (LCA). The 
incidence of a positive response was as great in isolated 
left anterior descending (LAD) disease as in 2- or 3- 
vessel disease. In the patients with a positive S-T re- 
sponse, the quantitated S-T changes were as great in 
isolated LAD disease as in LAD plus RCA or LCA Gis- 
ease, or both, and were significantly greater than those 
in patients with RCA plus LCA or isolated RCA or LCA 
disease. These findings suggest that the bipolar V, lead 
systems commonly used in treadmill exercise testing are 
more sensitive to ischemia arising from disease of the 
LAD artery and that additional vertical axis lead sys- 
tems may increase the sensitivity of treadmill exercise 
testing. 


Correlation of Degree of S-T Segment Depression 
During Exercise with Presence and Type of 
Coronary Artery Collaterals 


PAUL L. McHENRY, MD*; SUZANNE B. KNOEBEL, MD, FACC; 
JOHN F. PHILLIPS, MD, FACC, Indianapolis, Indiana 


The ability of coronary artery collaterals to protect tke 
myocardium against ischemia as reflected by S-T seg- 
ment depression during exercise was studied. Treadmill 
exercise testing and selective coronary cineangiography 
were performed on 36 patients with angina pectoris 
and a normal resting electrocardiogram. The exercise- 
induced changes in the depression and slope of the S-T 
segment were quantitated with a digital computer, and 
the degree of S-T change was correlated with the pres- 
ence of coronary collateral circulation and whether the 
collaterals were of the intercoronary or bridge type. 
The quantitated S-T segment changes were expressed 
in terms of an S-T index, giving equal weight to the 
slope and depression of the S- T segment, The larger the 
S-T index the greater the degree of segmental S-T 
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depression. Patients with no demonstrable collaterals 
(11 patients) had an S-T index of 1.58. Patients with 
grade 1 intercoronary collaterals (13 patients) had an 
S-T index of 1.55. In patients with bridge collaterals 
(12 patients) the S-T index was significantly less at 
0.98. This finding suggests that bridge collaterals re- 
duce the degree of myocardial ischemia during exer- 
eise in coronary artery disease, whereas intercoronary 
collaterals offer no appreciable protection. 


Survival Experience in Saphenous Vein Bypass 
Graft Surgery 


DONALD R. McRAVEN, MD*; JOHN A. WALKER, MD; H. DAVID 
FRIEDBERG, MD, FACC; W. DUDLEY JOHNSON, MD, Milwaukee, 
Wisconsin 


Survival rates of 309 patients operated upon between 
March 1968 and June 1970 utilizing saphenous vein 
bypass graft are presented with followup data to Jan- 
uary 1, 1971. Survival of hospitalization for surgery 
was required for inclusion in the group of 1 month 
survivors (OMS). Long-term attrition in survival rate 
(LTAS) through successive 6-month intervals after 
surgery was tabulated. OMS for the group was 8695, 
with a 3% LTAS. In groups categorized by assess- 
ment of ventricular contractility using left ventricular 
angiography, the OMS varied: normal contractility 
(NC), 95% ; mild generalized impairment of contractil- 
ity (MIC), 8995; localized single wall impairment 
(SWIC), 88%; localized double wall impairment 
(DWIC), 70%; diffuse impairment (DIC), 74%; and 
aneurysm (A), 56%. OMS improved from 82% during 
the first year of surgical experience to 8995 during the 
second year. LTAS for the entire group was 3% and 
by subgroups was NC, 1%; MIC, 0%; SWIC, 6%; 
DWIC, 0%; DIC, 4%; and A, 15%. 

The data suggest that patients symptomatic with 
angina without previous myocardial infarction (MI) 
or with only 1 previous myocardial infarction may be 
surgical candidates with acceptable OMS. A second 
infarction can be critical since these patients have 
more advanced ventricular impairment and greatly de- 
creased operative survival. LTAS is encouraging at 
this point particularly in patients with relatively well 
preserved ventricular contractility. LTAS will be up- 
dated to January 1, 1972. 


Factors Influencing Intercirculatory Mixing in 
Complete Transposition of the Great Arteries 


DOUGLAS D. MAIR, MD*; DONALD G. RITTER, MD, FACC, 
Rochester, Minnesota 


Hemodynamic data from catheterization of 100 pa- 
tients (all more than 1 year of age) with transposition 
of the great arteries (TGA) were analyzed. Intercir- 
culatory mixing, calculated as effective pulmonary flow 
index (EPFI), was compared in 25 patients with atrial 
septal defect (ASD) only (group 1), 35 patients with 
ventricular septal defect (VSD) only (group 2), and 
40 patients with anatomic communications at 2 or more 
levels (group 3). The mean EPFI in group 1 was 1.5, 
with 48% having an EPFI of 1.5 or greater and 12% 
an EPFI of 2.0 or greater. The corresponding figures 
for group 2 were 1.5, 51% and 14%. For group 3, the 
figures were 1.7, 6395 and 26%. 
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The effect of total pulmonary flow index (TPFI) on 
intercirculatory mixing also was analyzed. A direct 
correlation (P <0.001) was found between EPFI and 
TPFI. Patients with a large TPFI and a single ana- 
tomic mixing site (ASD or VSD only) achieved better 
mixing than did those with a decreased TPFI and 2 
sites available for mixing (ASD and VSD, and so 
forth). The data indicate that a large TPFI is condu- 
cive to achieving maximal mixing and that in children 
more than 1 year of age, poor mixing is more often 
due to decreased TPFI secondary to pulmonary stenosis 
or pulmonary vascular disease than to inadequate ana- 
tomic communications between the 2 circuits. Further 
analysis revealed a correlation (P <0.001) between the 
TPFI and an index derived by dividing systemic ar- 
terial saturation by the hemoglobin concentration. Pa- 
tients with TGA can be followed up with a periodic sys- 
temic arterial sample and the use of this index, thus in 
some cases avoiding repeated catheterization. 


Objective Evaluation of the Effects of Direct 
Myocardial Revascularization on Ventricular 
Performance Utilizing Submaximal Ergometer 
Exercise Testing 


J.C. MANLEY, MD, FACC*; W. D. JOHNSON, MD; R. J. FLEMMA, 
MD; DERWARD LEPLEY, MD, FACC, Milwaukee, Wisconsin 


Thirty patients with severe obstructive coronary artery 
disease undergoing direct myocardial revascularization 
were studied at rest and with submaximal, supine bi- 
cycle ergometry at the time of coronary catheterization 
preoperatively, 6 weeks and 1 year postoperatively in 
an effort to evaluate the early and late effects of vein 
bypass surgery. Ventricular performance was assessed 
at rest and during exercise by measurement of cardiac 
index, heart rate response, oxygen consumption, mean 
systolic ejection rate and left ventricular end-diastolic 
pressure (LVEDP). External work load, pressure rate 
product and dp/dt were used to assess requirements 
for myocardial O, consumption, and ventricular per- 
formance curves were constructed. 

Vein graft patency was associated with striking re- 
lief of angina even at greater postoperative stress 
levels, whereas graft closure was associated with per- 
sistence of angina or abnormal ventricular perform- 
ance, Statistically, significant improvement in LVEDP 
and striking improvement in ventricular performance 
curves was evident in a group with good ventricular 
contraction as evaluated angiographically and with pat- 
ent vein grafts. Less striking improvement could be 
demonstrated with moderate to severe impairment of 
ventricular contraction and patent grafts although an- 
gina was relieved. These benefits of vein bypass surgery 
were evident in the early postoperative study and per- 
sisted in the late study. 


Reduction in Experimental Myocardial Infarct 
Size by Glucose-Insulin-Potassium Administration 


PETER R. MAROKO, MD*; PETER LIBBY; BURTON E. SOBEL, 
MD, FACC; COLIN M. BLOOR, MD, FACC; HARLEY D. SYBERS, 
MD; WILLIAM E. SHELL, MD; EUGENE BRAUNWALD, MD, FACC, 
La Jolla, California 


To study effects of glucose-insulin-potassium (GIK) on 
infarct size, epicardial electrocardiographic maps were 
taken in 12 sites 15 minutes after occlusion of the left 
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anterior descending coronary artery in 25 dogs. 
Twenty-four hours later creatine phosphokinase (CPK) 
activity and histologic changes were determined in 
transmural specimens from sites previously examined 


_ by electrocardiograms, In 10 controls (73 specimens) 


the inverse relation between epicardial S-T segment 
elevation (mv) 15 minutes after occlusion and myo- 
cardial CPK in international units/mg protein 24 hours 
later was highly significant (log CPK = —0.0648-T + 
1.24, r = —0.81). In 13 dogs (113 specimens) GIK 


was infused for 24 hours starting 15 minutes after 


epicardial mapping. CPK depletion was less after GIK 
infusion at all levels of S-T segment elevation as dem- 
onstrated by a significantly lower slope —0.022ST (P 
<0.001). For example, CPK in sites with S-T eleva- 
tions of 3 to 6 my, i.e., zones bordering infarcts and 
small infarcts, was always depressed in controls (6.7 + 
0.7) but was nearly normal in the GIK group (14.1 + 


0.7, P <0.001). Histologic examination, as well as stains 


for glycogen and fat (14 dogs, 185 biopsy specimens), 
showed that in sites with S- T segment elevation after 
occlusion, early signs of necrosis did not occur in 36% 
of samples from the GIK group as compared to only 
395 of the control group. Similarly, electron microscopy 
(4 dogs) did not show severe ichemia in 7595 of spec- 
imens with S-T segment elevation in the GIK group 
compared with 8% in controls. Thus, histologic, histo- 
chemical, ultrastructural and enzymatic evidence in- 
dicates myocardial damage associated with the coro- 
nary occlusion was reduced by GIK. 


Salvage of Myocardial Tissue by Coronary Artery 
Reperfusion Following Acute Coronary Occlusion 


PETER R. MAROKO, MD*; WILLIAM R. GINKS, MRCP; PETER 
LIBBY; BURTON E. SOBEL, MD, FACC; WILLIAM E. SHELL, MD; 
JOHN ROSS, Jr., MD, FACC, La Jolla, California 


It is generally eonsidered that irreversible myocardial 
damage occurs after 60 minutes of coronary obstruc- 
tion. The possibility that longer periods of ischemia 
might be tolerated was investigated by coronary re- 
perfusion 3 hours after an acute occlusion. In 14 con- 
trol dogs the anterior descending coronary artery was 
occluded for 24 hours, and in 6 the occlusion was re- 
leased after 3 hours. Electrocardiograms were recorded 
from epicardial sites 15 minutes after occlusion, and 
myocardial creatine phosphokinase (CPK) activity was 
measured in transmural specimens from the same 
sites 24 hours later. In control dogs, S-T segment ele- 
vation (mv) predicted CPK (international units/mg 


protein): log CPK = —0.0611 S-T + 1.26 (r = 0.79, 


N — 102 sites). In the reperfused group the slope was 
—0.0113 S-T (P <0.001), showing almost complete 
preservation of CPK activity at 24 hours. In 7 other 
dogs the acutely injured area was assessed from the 
zone of epicardial S- T segment elevation and the area 
of hypoperfusion using methylene blue injection. In 
control dogs allowed to survive 1 week, the anatomic 
infarct size at postmortem study 7 days later averaged 
6095 of that predicted from the acutely injured area. 
However, in reperfused hearts average infarct size at 
1 week was only 10% of that predicted. In 4 dogs para- 
doxical movement of 7 pairs of intramyocardial beads 
studied cineradiographically was demonstrated 3 hours 
after coronary occlusion. Following reperfusion, the av- 
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erage difference between end-diastolic and end-systolic 
distance changed from —1.7 + 0.7 mm to +4.9 + 1.1 
mm (P <0.01), thus demonstrating the reversal of the 
abnormal wall motion. It is concluded that coronary 
reperfusion 3 hours after an acute occlusion prevents 
a substantial amount of myocardial necrosis. 


Maximal Treadmill Exercise Electrocardiography: 
Correlations With Coronary Arteriography and 
Cardiac Hemodynamics 


CARROLL M. MARTIN, MD*; DAVID R. McCONAHAY, MD, San 
Francisco, California 


Electrocardiograms were recorded during and at 
2-minute intervals after maximal treadmill exercise in 
100 patients and were correlated with coronary arterio- 
grams, left ventricular (LV) cineangiograms, and rest- 
ing and exercise cardiac hemodynamics. The incidence 
and extent of exercise-induced “ischemic” S-T seg- 
ment depression increased significantly (P <0.01) with 
inereasing extent of coronary disease (CAD). A cri- 
terion of abnormality of 1.0 mm or greater S-T de- 
pression most accurately predicted the presence of 
CAD with a specificity (true negative) of 91% and a 
sensitivity (true positive) of 64%. Criteria of >0.75 
mm and >0.5 mm S-T depression offered improved 
sensitivities (69% and 81%, respectively) but mark- 
edly reduced specificities (75% and 53%, respectively). 

A significant correlation (P <0.01) was found be- 
tween increasing extent of exercise-induced S-T seg- 
ment depression and the pulmonary wedge pressure 
during exercise. There were no correlations between 
the presence or extent of exercise-induced S-T depres- 
sion and the resting or exercise pulmonary arterial 
pressure, cardiac index, stroke volume index, the rest- 
ing LV dp/dt, LV end-diastolic pressure, exercise fac- 
tor, LV ejection fraction, or presence of asynergy on 
the LV cineangiogram. The maximal treadmill exer- 
cise test provided a noninvasive method for predicting 
the presence and extent of significant CAD in the in- 
dividual patient. Although a normal treadmill exercise 
test provided little insight into the underlying resting 
and exercise hemodynamics, 91% of patients with an 
abnormal treadmill test (71.0 mm S-T segment de- 
pression) had an associated increase in LV filling pres- 
sure with exercise. 


Ectopic Rhythms Arising from Anterior and 
Posterior Fascicles of the Left Bundle Branch in 
Anterior and Posterior Myocardial Infarctions 


RASHID A. MASSUMI, MD, FACC; EZRA A. AMSTERDAM, MD, 
FACC; ANTONE SALEL, MD; RICHARD R. MILLER, MD; ZAKA-UD 
D. VERA, MD; GUNGOR E. ERTEM, MD, FACC; DEAN T. MASON, 
MD, FACC, Davis, California 


In the slow phase of sinus bradyarrhythmia occurring 
in acute myocardial infarction (AMI), an isorhythmic 
ventricular escape rhythm frequently emerges. In the 
majority of cases, QRS configuration does not favor 
idioventricular origin. Rather, the incomplete right 
bundle branch block (RBBB) with rsr’ in lead Vj, to- 
gether with left or right axis deviation, suggest aber- 
rancy. However, His bundle electrography in 11 such 
cases showed His spikes at or near the onset of the 
QRS, thus excluding aberrancy of junctional beats 
which should have normal His-Q intervals. The focus 
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was placed at a point equidistant between myocardium 
and His bundle, i.e., in the fascicles of the left bundle. 
From its fascicular point of origin, the impulse propa- 
gates peripherally, reaching first the respective terri- 
tory of the left ventricle and then the other areas, thus 
the axis deviation. Simultaneously, the impulse travels 
centrally, reaching the main His bundle and thus the 
short His-Q interval, and finally descends along the 
right bundle to reach the myocardium of the right ven- 
tricle. All 4 anterosuperior fascicle foci occurred in pa- 
tients with anterior infarction and all 7 posteroinferior 
foci in inferior wall infarctions. Without exception, 
these fascicular rhythms were benign and had disap- 
peared by the twelfth day of infarction. We conclude 
that isorhythmic escape rhythms occurring in AMI 
frequently arise from a fascicle of the left bundle re- 
lated to the infarction and indicate enhanced auto- 
maticity in that fascicle during the acute phase of 
ischemic injury. 


Supernormality in the Human Heart 


RASHID A. MASSUMI, MD, FACC*; EZRA A. AMSTERDAM, MD, 
FACC; ANTONE SALEL, MD; RICHARD R. MILLER, MD; ZAKA-UD 
D. VERA, MD; GUNGOR E. ERTEM, MD, FACC; DEAN T. MASON, 
MD, FACC, Davis, California 


This report documents 5 cases of supernormal (SN) 
conductivity, in the sense of unexpected normalization 
of the previously existing bundle branch block (BBB) 
and 3 cases of SN excitability in which impulses de- 
livered to the ventricles propagated to the myocardium 
only in a circumscribed region corresponding tempo- 
rally with the U waves of the preceding beat. In none of 
the cases could SN be abolished by atropine, thus sug- 
gesting absence of an important vagal role. In 3 cases 
of right BBB, spontaneous as well as electrically in- 
duced premature atrial beats were followed by normal 
QRS complexes only if they reached the right bundle 
during its SN phase. In 2 cases of bilateral BBB, stra- 
tegically placed sinus P waves and induced atrial im- 
pulses were conducted with normal P-His and His-Q 
intervals. SN excitability was exemplified by 2 cases 
of fixed-rate pacemaker with failing batteries in which 
subthreshold impulses captured only in SN phase. The 
third case was one of acute myocardial infarction with 
a parasystolic focus in the inferior division of the left 
bundle, causing propagated beats only in the SN phase. 
SN conductivity in the atrioventricular (A-V) node 
was not found in an exhaustive search of His bundle 
electrograms of 45 patients with varying grades of 
A-V nodal block probably because the A-V node lacks 
phase 4 depolarization. We conclude that SN conductiv- 
ity occurs in bundle branches and probably not in the 
A-V node. Its timing, response to atropine and observa- 
tions made during His bundle electrography favor an 
electrophysiologic and not a mechanical-autonomic ner- 
vous system mechanism. 


Hyperosmolal State Following Cardiac Arrest 
JOAO A. MATTAR, MD*; MAX HARRY WEIL, MD, PhD, FACC; 
S. HERBERT SHUBIN, MD, FACC; LEON STEIN, MD, Los Angeles, 


California 


Among 764 patients observed in our Center for the 
Critically Ill, in whom measurements on serum os- 
molality were available, osmolality exceeded 350 
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mOsm/kg in 25 cases. All but 1 of these patients died. 
These observations confirm the lethal effects of hyper- 
osmolal states previously reported by others. 

Among the 25 patients, there were 6 in whom hyper- 
osmolality followed cardiac arrest, Samples of arterial 
blood were obtained during the interval of resuscita- 
tion, and serum osmolality in these samples ranged 
from 351 to 403 mOsm/kg. Measurements before onset 


of cardiac arrest were available in 5 of these 6 cases, 


and in each instance serum osmolality had been be- 
tween 270 and 320 mOsm/kg, a normal range. A 7.5% 
solution of sodium bicarbonate in amounts equivalent 
to between 132 and 265 mEq of sodium was admin- 
istered during each resuscitation attempt, and in 5 of 


the 6 cases arterial blood pH was increased to more 
than 7.45. Striking increases in serum bicarbonate to 
a maximum of 79 mEq/liter and in arterial blood lac- 


tate up to 29.12 mM/liter were also observed. All of the 


patients died, 5 died within 1 hour and 1 died 4 days - 5 


later. 
These observations indicate that hyperosmolality, 
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which itself is usually a fatal metabolic defect, appears ; t 


as a complication of cardiac arrest or as a consequence 
of its treatment, or both. Until the mechanism of this 
hyperosmolal state is better defined, the present ob- 
servations prompt us to use caution in employing large 


amounts of hypertonic solutions of alkalinizing drugs 


without concurrent measurements of blood pH and 
osmolality. 


Defective Platelet Aggregation in Congenital | 
Heart Disease 


HAROLD MAURICE MAURER, MD*; CAROLYN MOORE McCUE, 
MD, FACC; J. CAUL, BS; WILLIAM JAMES SANGSTE STILL, MD, 
Richmond, Virginia 


Children with cyanotic congenital heart disease (CHD) 
and polycythemia may experience bruising, cerebral 
thromboses and excessive hemorrhage with surgery or 


even mild trauma. The platelet function of 70 children - 


(aged 3 weeks to 17 years) with CHD was studied. In 
15 of 37 children with cyanotic CHD and 4 of 32 with 
acyanotic CHD, platelet aggregation by adenosine di- 


phosphate (ADP) (4 uM, 37°), noradrenalin (20 uM, | es 


37°) and connective tissue was markedly impaired. Ag- 
gregation remained abnormal when these platelets were 
incubated with normal plasma. Plasma from these chil- 
dren did not impair the function of normal platelets in 
vitro. Electron microscopy studies and ADP content 
of functionally defective platelets were normal. Thirty- 


two percent of those with defective platelet aggrega- 


tion had mildly prolonged Duke bleeding times and mild 


to moderate bleeding symptoms. Defective platelet ag- —. 


gregation was most frequently found in children under 
10 years with moderate to severe cyanosis and hema- 
tocrit values above 50%. Common varieties of cyanotic 
CHD were approximately equally divided between 
normal children and those with defective platelets. Most 
children had been subjected to palliative, but not cor- 
rective, surgery and no excessive surgical bleeding 
was noted in any of the study group. Platelet factor 3, 
adhesion to connective tissue and clot retraction were 
normal. All children had normal platelet counts and 
coagulation studies. These findings reveal a platelet 
defect previously unrecognized in these children. 
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Diminution and Closure of Large Ventricular Septal 
Defects After Pulmonary Artery Banding 


ZOLTAN G. MESKO, MD*; JIMMY E. JONES, MD; ALEXANDER S. 


NADAS, MD, Boston, Massachusetts 


The courses of 4 infants with large ventricular septal 
defect (VSD) and pulmonary arterial banding (PAB), 
followed by diminution or spontaneous closure of the 
VSD, seen at our center between 1960 and 1970 were 
reviewed. 

The 4 babies on admission showed failure to thrive 
(below 395), with recurrent respiratory infections and 
intractable congestive heart failure. There was marked 
cardiomegaly (cardiothoracic index-CTI 0.06-0176, av- 
erage 0.67), increased pulmonary blood flow, and usu- 
ally biventricular hypertrophy on the electrocardio- 
gram. Initial catheterization performed between 2 and 
11 months of age (average 5 months) showed a large 
left to right (L-R) shunt (Qp:Qs ratio 3.0-7.3:1, 
average 5.1:1) with elevated right ventricular (RV) 
pressure to at least 2/3 of systemic level. PAB was 


. followed by remarkable clinical improvement, resolving 


cardiomegaly (CTI 0.47-0.53, average 0.50) and only 
RV conduction delay in all, except 1 child with RV 
hypertrophy, on the electrocardiogram. Repeat cathe- 
terization (ages 5 to 7 years) showed no L-R shunt in 
2 children and only trivial shunting (Qp: Qs ratio 1.2:1 
and 1.6:1) in 2 others. The RV pressure was half 
systemic in 3 children and was normal in 1. Left ven- 
trieular angiocardiogram showed no VSD in 1; in 3 
others only a trivial stream of dye was seen, travers- 
ing the ventricular septum. 

Spontaneous closure of a large VSD with congestive 
failure is relatively infrequent. Among our series of 
40 infants having had PAB for VSD, the VSD dimin- 
ished in size spontaneously in 4 children (10%). The 
contributien of the PAB to the closing of the large 
VSD will be discussed. Surgical reconstruction of the 
stenosed pulmonary artery (at the site of the band) 
will be required in the presence of an intact ventricular 
septum. 


The Diagnosis of Aortic Atresia By Echocardiography 


RICHARD A. MEYER, MD*; DAVID C. SCHWARTZ, MD, FACC; 
SAMUEL KAPLAN, MD, FACC, Cincinnati, Ohio 


The clinical diagnosis of aortic atresia and hypoplastic 
left ventricle is difficult in the critically ill neonate. 
Presently, accurate diagnosis depends upon cardiac 
catheterization and selective angiography, procedures 
which are associated with significant mortality in this 
age group. Since echocardiography is a noninvasive 
technique without risk, its application in the diagnosis 
of aortic atresia in the neonate seems ideal. Echocar- 
diographic studies were performed in 11 neonates pre- 
senting with typical clinical signs of aortic atresia, 
absent to weak peripheral arterial pulses, massive hep- 
atomegaly and gray color with shock-like appearance. 
The findings in 8 patients were strikingly similar. Their 
echograms revealed a large anterior ventricular cavity 
with an atrioventricular (A-V) valve (tricuspid) in 
the cavity. A ventricular septal echo was seen posterior 
to this valve and defined the anterior limits of a minute 
chamber. Occasionally, a distorted but recognizable 
A-V valve was recorded within the posterior chamber. 
A small aortic root echo was identified in only 2 infants. 
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The diagnosis of aortic atresia and hypoplastic left 
heart was confirmed in all 8 patients at autopsy. The 
remaining 3 patients had normal echocardiograms. In 
light of this finding, cardiac catheterization was not 
performed. Correction of acidosis, hypoglycemia, hy- 
poxemia and treatment of sepsis resulted in dramatic 
improvement in their clinical state, and subsequent 
cardiac evaluation was entirely normal in each instance. 
Echocardiography provides a noninvasive and accurate 
method of diagnosing aortic atresia in the neonate and 
thus precludes the use of cardiac catheterization. 


Identification of Clinical Subsets in 
Cardiogenic Shock 


T. A. DON MICHAEL, MD, FACC*; JAMES S. FORRESTER, MD; 
H. N. ALLEN, MD; HAROLD J. C. SWAN, MD, PhD, FACC, Los 
Angeles, California 


Data on 100 patients with cardiogenic shock (CGS) 
were reviewed in relation to clinical profile, hemody- 
namics (32 patients) and autopsy findings (71 pa- 
tients). The study revealed that CGS is not a homo- 
geneous entity and defined 3 clinical subsets, Subset 1 
(56 patients) resembled experimental coronary occlu- 
sion and presented with rapidly developing shock, 
which occasionally followed an episode of hypotension 
(9 patients). Anterior infarction (56 patients) was 
invariable, and varieties of fascicular block (28 pa- 
tients) were frequent. Radiologic pulmonary edema 
without significant cardiomegaly was characteristic. 
Autopsy revealed moderately increased heart weight 
(394 + 17 g) and recent complete occlusion, subtotal 
obstruetion or diffuse disease of the left coronary ar- 
tery in all patients. In subset 2 (14 patients), CGS 
followed rupture or dysfunction of the mitral appa- 
ratus (11 patients), ventricular septum (1 patient) or 
free wall (3 patients). Classic physical signs were 
usually present, although a giant v wave in the pul- 
monary capillary wedge pressure tracing was the sole 
evidence of mitral regurgitation in 2 patients. CGS 
superimposed on heart failure characterized subset 3; 
25 patients had earlier infarction and 20 failure be- 
fore admission. Radiologic cardiomegaly was the rule. 
Grossly increased heart weights (564 + 27 g) and evi- 
dence of previous infarction were seen at autopsy. 
Conceptually, infarction associated with sudden loss of 
contractility, a mechanically disadvantageous lesion 
and end stage failure characterizes subsets 1, 2 and 3, 
respectively, and CGS due to a critical loss of function- 
ing myocardium results in all cases. However, patients 
in subsets 1 and 2 qualify as potential candidates for 
surgery. Since CGS is not a homogeneous entity and 
since the mortality with medical therapy exceeds 90%, 
early recognition of the clinical subsets may facilitate 
selection of patients for further investigation and pos- 
sible surgery. 


Dependence of Atrioventricular Junctional 
Automaticity on Sympathetic Tone 
KAY MILLAR, MD*; F. URTHALER, MD; MARY J. BURGESS, MD; 
J. A. ABILDSKOV, MD, FACC; THOMAS N. JAMES, MD, FACC, 
Birmingham, Alabama and Salt Lake City, Utah 
Influence of sympathetic tone on automaticity of the 
atrioventricular junction ( A-VJ» and sinus node (SN) 
was studied. Automaticity was evaluated in 10 dogs by 
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observation of escape rhythms after cessation of 5 
minutes' drive at 240/min (overdrive). The SN escaped 
promptly after overdrive, and this rate was only 
slightly depressed by bilateral stellectomy. After over- 
drive in dogs with the SN crushed, the maximal cycle 
length of the A-VJ was 0.5 to 10.2 seconds (average 
2.4 seconds), followed by stable junctional rhythm. 
After stellectomy automaticity of the A-VJ was de- 
pressed, with maximal post-overdrive cycle lengths of 
2.4 to 21.4 seconds (average 9.1 seconds), slow erratic 
A-V junctional rhythm and ventricular escape com- 
plexes. After adrenalectomy and stellectomy the A-VJ 
was even more unreliable. In 3 reserpinized dogs auto- 
maticity of the A-VJ was also less reliable than that 
of the SN. In 10 other dogs the SN was arrested by 
physostigmine, 10 „g/ml infused into the SN artery. 
Propranolol, 10 to 100 pg/ml, was infused into the A-V 
nodal artery. Physostigmine alone resulted in A-V 
junctional rhythm at about 90/min. After beta blockade 
of the A-VJ, SN eserinization resulted in A-V junc- 
tional rates of 20 to 30/min and sometimes permanent 
asystole. Ventricular escape complexes were absent. 
Results confirm less reliable automaticity of the A-VJ 
compared to the SN and show greater dependence of 
the A-VJ on sympathetic tone for maintenance of 
rhythm. Hazard of sympatholytic drugs in persons with 
SN disease or A-V block is implied. 


Comparative Hemodynamic Effects of Procainamide 
and Lidocaine in Patients With Acute Myocardial 
Infarction 


RICHARD R. MILLER, MD*; JAMES LIES, MD; G. HILLIARD, MD; 
RASHID A. MASSUMI, MD, FACC; ROBERT F. ZELIS, MD, FACC; 
DEAN T. MASON, MD, FACC; EZRA A. AMSTERDAM, MD, FACC, 
Davis, California 


During acute myocardial infarction, procainamide may 
be utilized for suppression of ventricular ectopic 
rhythms refractory to lidocaine. Although procainam- 
ide is frequently successful in this capacity, its use in 
patients with myocardial infarction has been limited 
by concern for possible myocardial depression and 
hypotension. Therefore, the comparative hemodynamic 
effects of procainamide and lidocaine were assessed in 
12 patients in the coronary care unit, 10 with AMI and 
2 with left ventricular failure. Lidocaine, 100 mg was 
administered by intravenous bolus followed by an in- 
fusion of 2 mg/min for 20 minutes. Twenty to 30 min- 
utes after cessation of lidocaine, procainamide, 100 mg 
in 3 minutes, was administered intravenously and fol- 
lowed by 2 mg/min for 20 minutes. Hemodynamic mea- 
surements were obtained before, 3 to 5 minutes after 
initial dose, and after 20 minutes of infusion. Lido- 
caine produced no significant (P 0.05) changes from 
control: heart rate (HR) 84 beats/min, mean intra- 
arterial systemic blood pressure (BP) 82 mm Hg, pul- 
monary artery wedge pressure (PAW) 8 mm Hg, car- 
diac index (CI) 2.2 liters/min per m?, peripheral vas- 
cular resistance (PVR 1,693 dynes sec cem). Similarly, 
hemodynamics after procainamide were unaltered (P 
>0.05) from control valves: HR 86/min, BP 84 mm Hg, 
PAW 9 mm Hg, CI 2.3 liters/min per m?, PVR 1652 
dynes sec cm. No changes in P-R or QRS duration oc- 
curred after either drug. 

These data indicate that procainamide, like lidocaine, 
in clinically effective antiarrhythmic doses resulted in 
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no significant alteration of cardiac pump function in 
patients with AMI. Therefore, procainamide provides 
an effective and safe alternative to lidocaine in AMI 
when ventricular ectopic rhythms are refractory to 
lidocaine or the patient cannot tolerate lidocaine. 


Determinants and Functional Significance of the 
Coronary Collateral Circulation in Patients With 
Coronary Artery Disease 


RICHARD R. MILLER, MD*; DEAN T. MASON, MD, FACC; ANTONE 
SALEL, MD; ROBERT F. ZELIS, MD, FACC; RASHID A. MASSUMI, 
MD, FACC; EZRA A. AMSTERDAM, MD, FACC, Davis, California 


The significance of the coronary collateral circulation 
and the determinants of its functional development re- 
main controversial. To evaluate these questions 104 
patients with severe (>75% stenosis) coronary artery 
disease (CAD) documented by arteriography were 
studied. Seventy patients with collateral vessels were 
compared with 34 patients without collaterals. No sig- 
nificant differences (P >0.05) in age, sex, prevalence of 
hypertension, abnormal glucose tolerance, lipoprotein 
abnormalities, smoking habits or family history of 
CAD were found among the groups as a whole or when 
compared for equal severity of coronary vessel involve- 
ment. However, the presence of collaterals correlated 
closely with extent of CAD: 46 patients with no CAD, 
0% with collaterals; 1-vessel CAD, 42% (P <0.001); 
2-vessel CAD, 54% (P <0.001); 3-vessel CAD, 81% 
(P <0.001). To assess critically the functional sig- 
nificance of collaterals, 2 groups of 21 patients with 
subtotal or total occlusions of the left anterior descend- 
ing artery were carefully matched for location and 
severity of stenoses in all vessels. All patients had 
collaterals, the groups differing only by the absence of 
collaterals to the left anterior descending artery in 1 
group (NC) and their presence in the other group (C). 
For the following factors, there were no significant 
differences (P >0.05) between the groups: New York 
Heart Association functional class III or IV, NC 50%, 
C 57%; anterior infarction, NC 27%, C 36%; positive 
Master test, NC 84%, C 69%; left ventricular end- 
diastolic pressure, NC 15, C 15 mm Hg; cardiac index, 
NC 2.8, C 2.5 liters/min per m?; left ventricular dys- 
synergy, NC 52%, C 87%. It is concluded that the pres- 
ence and extent of coronary collateral vessels are most 
closely related to the severity of CAD itself. In patients 
with similar degree of CAD, collaterals are associated 
with comparable clinical and functional status and con- 
fer no apparent additional benefit relative to patients 
without collaterals. 


Usefulness of the Electrocardiogram in 
Assessment of Ventricular Performance and 
Comparison With Coronary Arteriography 


RICHARD R. MILLER, MD*; J. BONANNO, MD; RASHID A. 
MASSUMI, MD, FACC; ROBERT F. ZELIS, MD, FACC; DEAN T. 
MASON, MD, FACC; EZRA A. AMSTERDAM, MD, FACC, Davis, 
California 


The relation between electrocardiographic (ECG) ab- 
normalities and left ventricular function was evaluated 
in 104 consecutive patients with coronary artery dis- 
ease (CAD), aged 26 to 65, undergoing cardiac cath- 
eterization and coronary arteriography. Data on 47 
patients without pathologic 0.04 second Q waves (NoQ) 
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were compared to those of 13 patients with inferior in- 
farction (IQ), 25 patients with anterior infarction 
(AQ) and 9 patients with anterior-inferior infarction 
(A-IQ). Results were left-ventricular end-diastolic 
pressure (LVEDP), NoQ 11, IQ 11, AQ 18 (P <0.001), 
A-IQ 26 mm Hg (P <0.001); cardiac index, NoQ 2.8, 


. IQ 3.0, AQ 2.7, A-IQ 2.5 liters/min per m?; left ven- 


tricular dyssynergy, NoQ 5%, IQ 31% (P <0.01), AQ 
68% (P <0.001), A-IQ 78% (P <0.001). Further 
analysis was undertaken of 43 patients with angio- 
graphically documented 3-vessel CAD (>75% stenosis 
in all 3 major vessels), who differed only by the pres- 
ence of Q waves in one group and their absence in the 
other. Data in 19 NoQ patients were compared to those 


in 8 IQ, 8 AQ and 8 A-IQ patients. Results were 


LVEDP, NoQ 11, IQ 10, AQ 17, A-IQ 26 mm Hg (P 
« 0.01); cardiac index, NoQ 2.7, IQ 3.0, AQ 2.5, A-IQ 
2.6 liters/min per m?; left ventricular dyssynergy, NoQ 
0%, IQ 88% (P <0.01), AQ 87% (P «0.001), A-IQ 
88% (P <0.001). Thus ECG evidence alone of old AQ 
or A-IQ strongly suggests dyssynergy and elevated 


LVEDP, and allows more accurate prediction of left 


 ventrieular dysfunction than does coronary arteriog- 
- raphy. In contrast, left ventricular performance may be 


normal even in the presence of 3-vessel CAD without Q 
or with inferior Q. It is concluded that specific QRS 
changes are closely associated with abnormal left ven- 
tricular segmental contraction and increased LVEDP 
in CAD. 


Natural History of Severe Proximal Coronary 


. Disease as Defined by Cineangiography (200 


Patients, 7 Year Followup) 


CARL H. MOBERG, MD; JOEL S. WEBSTER, MD*; F. MASON 
SONES, Jr., MD, FACC, Cleveland, Ohio 


Determining the survival rate in patients with severe 
proximal coronary lesions may help evaluate the efficacy 


-. of some present and future forms of surgical therapy. 


Mortality was reviewed in 200 patients with 80 to 100% 
occlusive lesions in the proximal coronary tree as de- 
fined by selective angiography. Patients with marked 
cardiomegaly, congestive heart failure or severe left 
ventricular impairment by left ventriculography were 
excluded, leaving only patients with normal or mod- 
erately impaired left ventricular function in the study. 
Eighty-four patients with 1-vessel, 82 with 2-, and 34 
with 3-vessel involvement were followed up for 7 to 9 
years, Single vessel anterior descending disease has a 
4% yearly attrition rate or 30.5% 7 year mortality (11 


- of 36). Single right coronary or circumflex lesions dem- 


onstrated only a 1.8% yearly death rate or 12.5% in 7 
years (6 of 48). Patients with 2- and 3-vessel disease 
had a 44% (36 of 82) and 70% (24 of 34) 7 year mor- 
tality rate, respectively. Survival in the group with 
anterior descending artery involvement was correlated 
with collateralization and anatomic location of the le- 
sion. Of 10 patients with 100% occlusion of the an- 
terior descending artery, 4 with faint or no collaterals 
died and 6 with excellent collateralization survived. 
Lesions above the first major septal perforator resulted 
in a 36% mortality (5 of 14): lesions below the per- 
forator produced a 2795 mortality (6 of 22). Survival 
is related to the number of vessels involved and single 
vessel anterior descending disease has a lower, but sig- 
nificant, yearly attrition rate. Collateral blood supply 
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to the totally occluded anterior descending artery ap- 
pears to increase survival. 


Bundle of His Electrograms: ‘‘Fact of ArtiFACT" 


E. NEIL MOORE, DVM, PhD, FACC*, J. F. SPEAR, PhD; J. 


MELBIN, VMD, PhD, CCSU. Philadelphia, Pennsylvania 


There are 3 criteria which help define whether or not 
one is truly recording electrical activity from the 
bundle of His, namely (1) anatomic location of the 
electrode(s), (2) configuration of the electrical complex, 
and (3) time of onset of depolarization within the P-R 
interval. When one uses the catheter technique to re- 
cord bundle of His electrograms (BH) it is necessary 
to rely almost entirely on the time at which the sus- 
pected BH electrogram occurs. These studies demon- 
strate 4 methods to verify BH catheter recordings by 
(1) pacing the atrium at rapid rates, (2) introducing 
early premature atrial beats, (3) increasing vagal tone, 
and (4) driving through the BH catheter. The diffi- 
culty and methods of distinguishing BH electrograms 
from (a) atrial depolarization complexes, (b) atrial 
repolarization complexes, and (c) mechanical artifacts 
are demonstrated. Amplifier band pass filter settings 
and electrode configuration played the most prominent 
role in governing BH electrogram configuration. Filters 
with different roll-off characteristics (including log), 
band widths and center frequencies were compared with 
d-e-recorded BH electrograms. The ability to enhance 
artifacts or BH electrograms, or both, was demon- 
strated. The influence of bipolar electrode configura- 
tions demonstrated the variations in BH potentials 
caused by variations in (a) interelectrode distances, 
(b) recording area ef the electrodes, (c) proximity to 
BH tissue, and (d) spatial orientation of bipolar elec- 
trodes. These studies emphasize the caution required 
to define accurately a BH electrogram recorded with a 
catheter electrode. 


Effects of Propranolol and L-Norephinephrine in 
Acute Myocardial Infarction in Man 


HILTRUD MUELLER, MD, FACC*; STEPHEN M. AYRES, MD, 
FACC, WILLIAM J. GRACE, MD, FACC, New York, New York 


L-norephinephrine (L-NE) and propranolol (Prop) 
could theoretically improve myocardial oxygenation in 
acute myocardial infarction (AMI) by either increas- 
ing oxygen delivery (L-NE) or decreasing O. demand 
(Prop). L-NE strikingly increased lactate utilization 
in 8 patients with myocardial infarction shock by in- 
creasing coronary perfusion pressure and blood flow. 
In eontrast, the response to L-NE varied considerably 
in AMI without shock, for reasons probably related to 
more active coronary autoregulation of the nonin- 
fareted myocardium. Since increasing perfusion pres- 
sure did not consistently improve myocardial O, avail- 
ability in these patients, we evaluated the effect of 
Prop, an agent decreasing cardiac work and O, require- 
ments. Prop (56 „g/kg per min) significantly decreased 
mean aortic pressure, time-tension index and probably 
contractility with little effect on heart rate in 10 pa- 
tients with normal left atrial pressure and subnormal 
cardiac indexes. L-NE (0.113 „g/kg per min), in the 
same group, increased cardiac afterload. Prop appeared 
to decrease O, requirements since myocardial lactate 
and pyruvate extractions improved in face of decreased 
O, consumption and blood flow. Free fatty acids (FFA) 
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utilization varied. Increased myocardial O, demand by 
L-NE was met by a rise in myocardial blood flow as 
well as O, extraction. In the presence of normal myo- 
cardial metabolic findings L-NE caused a shift in sub- 
strate utilization. Extraction of lactate decreased; that 
of FFA strikingly increased. If myocardial metabolism 
was abnormal before drug administration, the response 
to L-NE varied. Whereas L-NE further decreased lac- 
tate, pyruvate and FFA utilization in most patients, 
myocardial metabolism markedly improved in others. 
This study suggests that in selected patients Prop may 
improve myocardial O, availability and be beneficial 
during AMI. 


Is Coronary Sinus Monitoring in Acute Myocardial 
Infarction Useful? Studies in 25 Patients 


HILTRUD MUELLER, MD, FACC*; STEPHEN M. AYRES, MD, 
FACC; JAMES T. MAZZARA, MD; WILLIAM J. GRACE, MD, FACC, 
New York, New York 


Prognosis after acute myocardial infarction is related 
to the oxygen availability and contractile state of the 
noninfarcted myocardium. Infarcted areas are poorly 
perfused in the acute state so that mixed coronary 
sinus (CS) blood is dominated by the metabolic state 
of the noninfarcted myocardium, suggesting that CS 
sampling might provide useful information regarding 
prognosis and efficacy of therapeutic interventions. We 
evaluated myocardial metabolism in 25 patients in the 
acute state of transmural infarction and related these 
findings to clinical and hemodynamic observations. Se- 
quential metabolic measurements were made at 12 to 
24 hour intervals for up to 72 hours in 20 patients. 
Coronary blood flow and myocardial O, consumption 
values (mean, range) were, respectively, 87 (57, 111) 
and 10.6 (5.7, 13.9) ml/100 g per min; extraction ratios 
for oxygen, lactate, pyruvate and free fatty acids were 
68.9% (58, 82), 10.2% (—44, 38), 1.1% (—96, 38) and 
12.6% (—20, 39), respectively. Eleven patients had lac- 
tate extraction ratios below 12% for at least 24 hours 
and were tentatively considered to exhibit *abnormal" 
myocardial metabolism. Most patients who changed 
from abnormal to normal metabolism demonstrated evi- 
dence of arrhythmias, left ventricular failure, or hypo- 
tension; in 2 or 4 patients who remained abnormal dur- 
ing 48 to 72 hours shock developed, and they died. All 
but 1 of the patients who had normal metabolism during 
the entire observation period did well. The following 
initial measurements were significantly different (P 
«0.05) comparing abnormal to normal groups: pulse 
pressure —32 mm Hg; diastolic arterial pressure —23 
mm Hg; mean arterial pressure —29 mm Hg; left ven- 
tricular work index —2.5 kg-m/min per m?, Pulmonary 
arterial wedge pressure and arteriovenous O, difference 
were 5 mm Hg and 2.1 ml/100 ml higher in the abnor- 
mal group, but clear statistical significance was lacking. 
These observations suggest that CS monitoring in com- 
plicating infarction may be useful for prognosis and 
management. 


Tritiated Digoxin Uptake by the Normal and 
Hypertrophied Rabbit Myocardium 


MARVIN L. MURPHY, MD, FACC*; JAMES E. DOHERTY, MD, 
FACC, Little Rock, Arkansas 


. The relative importance of myocardial mass compared 
to serum levels of digoxin for achieving maximal con- 
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centration of digoxin is undetermined. Left ventricular - E 
hypertrophy (LVH) was induced in 6 rabbits by a < 


technique of banding the aorta with the production of __ 


a significant gradient. The weight of the left ventricle 
of the banded rabbits exceeded that of the control ani- 
mals by an average of 49.6% (2.39 or 4.81). These 
animals are compared with 5 control rabbits. Tritiated 


digoxin (125 uc/mg) in a dose of 0.045 mg/kg was 


given intravenously to each animal. Serum samples 
were collected every 15 minutes for 2 hours at which 


time the animals were sacrificed and all tissues analyzed — — 


for digoxin content by a method of chloroform extrac- 
tion, column chromatography and liquid scintillation 
counting. There was no significant difference in serum 
levels between the control animals and those with LVH. 


A significant correlation (r = 0.883) was established 


between the serum concentration of digoxin and the 
total myocardial digoxin concentration. Serum concen- 
tration rather than myocardial mass is the determining 
factor in myocardial tissue concentration of tritiated 
digoxin; thus, the presence of cardiac hypertrophy does 


not undermine the usefulness of the serum level of 


digoxin. 


The Mechanism of Activation of the 
Canine Endocardium 


ROBERT J. MYERBURG, MD*; KRISTINA NILSSON; HENRY 
GELBAND, MD, Miami, Florida 


To determine the mechanism of the sequence of activa- 
tion of the intraventricular conducting system and 
subendocardial muscle, we studied isolated prepara- 
tions of large areas of canine endocardium, using stan- 
dard microelectrode techniques and surface recordings. 
It was possible to stimulate the bundle branches locally, 
without nonspecific activation of the underlying mus- 
cle, with either intracellular stimulation or surface 
stimulation close to threshold. The results show that 
the right bundle branch gives no impulse input to the 
septal muscle until after passing the base of the an- 
terior papillary muscle, at which point fibers reflect 
back to the anterior and posterior septum to activate 
the muscle. The earliest point of muscle activation oc- 
curred at the apical free wall, with the right ventricular 
free wall endocardium, anterior papillary muscle, and 
the septum from apex to base following in sequence. 
The left bundle branch (LBB), its proximal major di- 
visions, and the subendocardial Purkinje fiber network 
of the upper portions of the left ventricular cavity 
generally do not provide impulse input into ordinary 
ventricular muscle. Rather, the propagating impulse 
passes from the conducting system into muscle on the 
lower third of the septum, the ventricular apex, the 
bases of the papillary muscles, and the interpapillary 
free wall. Muscle depolarization then occurs from the 
apex to base of the ventricular cavity, and from base 
to apex on the papillary muscles. The divisions of the 
LBB of the canine heart meet on the high interpapil- 
lary free wall to complete a ring of tissue having func- 
tional continuity. 


Second Degree Wenckebach Type Atrioventricular 
Block Due to Block Within the Atrium 


ONKAR S. NARULA, MD*; MANFRED RUNGE, MD; PHILIP SAMET, 
MD, FACC, Miami Beach, Florida 


Two female patients 69 and 72 years old with a history 











$ ^ 

1.2 0 " 
y^: [a = P e 152 EE i; he) 
ar See Jit y vem 5 arm v 


cy 
dE TU 





ABSTRACTS 


of paroxysmal supraventricular tachycardia were ana- 
lyzed by His bundle and intraatrial recordings. The 
electrocardiogram showed sinus bradycardia (SB) in 1 
patient and SB with sinoatrial Wenckebach in the 
other. The conduction times through the atrioven- 
trieular (A-V) node (A-H) and His-Purkinje system 
(H-V) were normal in both cases. The intraatrial 
(P-A) conduction time was slightly prolonged (55 
msec) in 1 and normal (40 msec) in the other, during 
normal sinus rhythm. In both cases with atrial pacing 
from high right atrium (RA) the conduction time from 
the pacing impulse (PI) to atrial (A) activation in the 
area of the A-V junction (PI-A) progressively length- 
ened with increase in AP rate, and finally classic second 
degree Wenckebach type of block was manifested at 
cycle lengths of 460 and 465 msec. The PI to QRS in- 
terval (PI-R) showed a progressive increase before the 
blocked stimulus. The lengthening of the PI-R interval 
was due to progressive increase in the intraatrial 
(PI-A) eonduction time. In the dropped beats the PI 
was not followed by an A wave and indicated type I 
block within the atrium. Similarly, during induced pre- 
mature atrial beats the PI-A time progressively length- 
ened as the coupling interval was shortened. These find- 
ings were reproducible and were seen despite a 3-fold 
increase in stimulus strength and changes in electrode 
position along the lateral RA border. This study (1) 
demonstrates a hitherto undescribed site for the exhi- 
bition of second degree Wenckebach block, i.e, the 
atrium; (2) supports the existence of sinoatrial 
Wenckebach; and (3) suggests the atrium as another 
possible site for reentry and a cause for supraventricu- 
lar tachycardia because of the degree of delay and block 
exhibited within the atrium. 


A Study of the Effect of the Argus Computer 
System on Treatment Actions in a Coronary Care Unit 


G. CHARLES OLIVER, MD, FACC*; FLOYD M. NOLLE, MS; ALAN 
J. TIEFENBRUNN, AB; KENNETH W. CLARK, BS, St. Louis, Mis- 
souri 


A prospective study was made over a 2 month period 
to evaluate the influence of a dedicated computer sys- 
tem (ARGUS) on the mode of treatment of ventricular 
arrhythmias. Patients admitted to the Barnes Hospital 
coronary care unit were divided into 2 groups (A and 
B) of 20 patients each. Continuous monitoring by Ar- 
gus was instituted on all patients as soon as possible 
and continued for an average of 32 hours per patient, 
resulting in a total of 1,278 hours of monitoring. Both 
groups were also monitored by conventional methods. 
Argus calculated the rate of premature ventricular con- 
tractions (PVC’s) and detected the occurrence of cer- 
tain premonitory combinations of PVC’s in both groups 
but supplied these results to the nurses for group A 
only. The influence of Argus was studied by noting 
treatment actions consisting of an initiation or an in- 
crement in rapid-acting antiarrhythmic agents. In all, 
33 actions were taken, 25 in group A and 8 in group B. 
For these patients, an average of 3.1 actions were taken 
for patients in group A but an average of only 1.3 for 
those in group B. Thus, computer monitoring resulted 
in a marked increase in treatment actions with rapid- 
acting antiarrhythmic agents. 
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Ten Year Experience With Isolated Starr-Edwards 
Mitral Valve Replacement 


HERBERT A. OXMAN, MD*; DANIEL C. CONNOLLY, MD, FACC; 
DWIGHT C. McGOON, MD; ROBERT B. WALLACE, MD; GORDON 
K. DANIELSON, MD, FACC; JAMES R. PLUTH, MD, Rochester, 
Minnesota 


Between April 29, 1961 and December 31, 1970, 1,081 
Starr-Edwards (S-E) mitral valves were inserted in 
1,073 patients at the Mayo Clinic. Of these, 604 pa- 
tients (4195 male and 5995 female) underwent 608 op- 
erations for isolated S-E mitral valve replacement. The 
average age was 49 years, 97% were in New York 
Heart Association functional class III or IV preopera- 
tively. Thirty-four percent of the patients had had pre- 
vious cardiac surgery. Early mortality (within the first 
30 days) after surgery was 15% (94/608). The most 
common cause of early mortality was low cardiac out- 
put, which accounted for 3896 of the deaths. The inci- 
dence of early thromboembolic complications was 5%. 
Of the 510 patients who survived the first 30 days, 
followup study has been possible through April 1971 
in 507 (99.4%) ranging from 1 month to 114 months 
(mean 44 months). Late mortality thus far has been 
22%. Overall total mortality thus far is 35% (210/604). 
Of the entire group of 604 patients. 394 (6595) were 
alive in April 1971 with improved functional status. 
The most common cause of late death was chronic con- 
gestive heart failure in 2995 (34/116) of the cases. 
Incidence of early thromboembolic complications fol- 
lowing isolated mitra! S-E replacement was 595 (31/ 
608); the incidence of late embolic eomplications was 
28% (145/510). At least 1 thromboembolic episode oc- 
curred in 28% (170/608) of the total group. Early 
mortality for isolated mitral valve replacement during 
1961 through 1965 was 2396 (51/225) and for 1966 
through 1970 was 11% (43/383). 


Syndrome of Ventricular Septal Defect 
With Aortic Insufficiency 


LUCY F. PARISI, MD*: ALYS M. HOLDEN, MD; WILLIAM H. 
PLAUTH, MD; ALEXANDER S. NADAS, MD, Boston, Massachu- 
setts 


The course of 72 patients having ventricular septal de- 
fect (VSD) with aortic insufficiency ( AI) followed up 
between 1950 and 1971 and involving over 600 patient 
years has been reviewed. The median age of onset of 
AI was 6.9 years (range 0.1-20.5) with male subjects 
comprising 61% (44/72). The median pulmonary to 
systemic flow ratio was 2.1 (range 1-5) ; moderate to 
severe AI was present in 61% (44/72) ; and significant 
pulmonary stenosis was present in 19% (12/72). The 
average duration of followup study prior to onset of 
AI was 2.9 years (range 0-15) with 3 patients experi- 
encing AI 1.4 to 4.2 years after VSD closure. The aver- 
age duration of followup after onset cf AI and before 
operative in ervention was 4.3 years (range 0-18). 
Surgery was performed in 57% (41/72). During the 
followup period the condition of the patients deterio- 
rated in 44% (32/72), improved in 6% (4/72) and did 
not ehange in the remainder. Whereas only 37% (27/ 
72) were symptomatic at the onset of AI, congestive 
heart failure (CHF), dyspnea or fatigue subsequently 
developed in 57% (41/72). The overall mortality was 
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3295, (23/72) with 16 intraoperative deaths, 6 from 
CHF and 1 unknown. Subacute bacterial endocarditis 
(SBE) occurred in 11% (9/72) and of these 7 re- 
quired surgery, with 5 deaths. Impressive deterioration 
occurs in this defect especially when complicated by 
SBE or associated lesions. 


Circulatory Responses to Graded Stimulation of the 
Carotid Chemoreceptors 


L. C. PELLETIER, MD*; JOHN T. SHEPHERD, MD, Rochester, 
Minnesota 


The role of the chemoreceptors in the control of circu- 
lation was studied in 13 anesthetized and artificially 
ventilated dogs. The carotid bifurcations were isolated 
and perfused at constant pressure, and the vagi were 
cut. Autologous blood, collected in a reservoir, was 
equilibrated at various pO, levels from 100 to 35 mm 
Hg, pCO, from 40 to 80 mm Hg and pH from 7.46 to 
6.87, independently, and used to stimulate the chemo- 
receptors. Systemic arterial pO», pCO, and pH were 
kept normal. Reflex increases in aortic blood pressure 
and in hind limb perfusion pressure (constant flow per- 
fusion) were first seen with pO, of 70 mm Hg and pCO. 
above 40 mm Hg. The vascular responses increased 
linearly with lower levels of pO, or higher levels of 
pCO,, until respective tensions of 35 and 70 mm Hg 
were reached, which caused similar increases in blood 
pressure (88 and 81 mm Hg, respectively) and in hind 
limb perfusion pressure (76 and 68 mm Hg, respec- 
tively). Increasing the pH of the blood perfusing the 
chemoreceptors reduced these changes by more than 
5095; decreases in pH, with normal pO, and pCO,, 
caused marked vascular responses, indicating the im- 
portant role of the pH in the activation of the chemo- 
reflex mechanism. Thus, the chemoreceptors normally 
contribute little to circulatory control, but in hypoxia, 
hypercapnia or acidosis, they become a major regula- 
tory mechanism, affecting mainly the peripheral vas- 
cular resistance. 


Long-Term Observations in Patients With Angina 
and Normal Coronary Arteriograms 


CARL J. PEPINE, LCDR, MC, USN;* CARL R. BEMILLER, CDR, 
MC, USN; A. ROGERS, CDR, MC, USN, Philadelphia, Pennsylvania 


Thirty-one patients (mean age 43.7 years) with angina 
pectoris (AP), myocardial abnormalities and normal 
coronary arteriograms were followed up. Nine patients 
had typical, and 22 atypical AP. Ten had abnormal 
serum lipids (6 type IV, 4 type II), 7 abnormal glu- 
cose tolerance test. An atrial sound in 6, and minimal 
cardiomegaly in 3 patients were noted. Nineteen pa- 
tients had resting electrocardiographic (ECG) ab- 
normalities (15 nonspecific S- T segment change, 2 left 
bundle branch block, 2 left axis deviation). Rest to 
exercise hemodynamics revealed increased left ventric- 
ular (LV) end-diastolic pressure in 21 patients (mean 
11.2 + 2.6 — 26.1 + 6.1 mm Hg) (P <0.05), while 
stroke work index increased (+12%). LV contractility 
assessed by Lv dp/dt/p (mean 1,340 + 210 — 2710 + 
700 mm Hg/sec) and LV angiography was normal. LV 
ischemia was detected by abnormal lactate extraction 
with atrial pacing in 12 or >1 mm S-T segment de- 
pression during exercise in 15 patients. 
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After a mean followup period of 3.8 years, 26 pa- 
tients managed with propranolol noted marked im- 
provement of angina syndrome. No changes in hemo- 
dynamics or anatomy were noted in 5 patients re- 
studied. Autopsy on 1 patient who died suddenly re- 
vealed normal coronary arteries and myocardium. In 
the remainder complications of ischemia, i.e., progres- 
sion of symptoms, infarction and heart failure, were 
absent. 

The fate of patients with AP and normal coronaries 
with LV abnormalities (ECG, metabolic or hemody- 
namic) appears favorable. The AP, usually atypical and 
frequently incapacitating, responds to propranolol. 
Long-term preliminary observations suggest a nonpro- 
gressive disorder. 


. The Relationship of Anginal Symptoms to Lung 


Mechanics During Myocardial Ischemia 


CARL J. PEPINE, LCDR, MC, USN*; LESLIE WIENER, MD, FACC, 
Philadelphia, Pennsylvania 


The syndrome of angina pectoris (AP) commonly in- 
cludes sensations of chest tightness or difficulty in 
breathing. Since left ventricular (LV) dysfunction dur- 
ing myocardial ischemia incident with AP is well docu- 
mented, secondary alterations in lung mechanics could 
relate to these symptoms. To examine the possibility of 
a pulmonary mechanical basis for AP we examined air- 
way resistance (Raw) and lung volume (TGV) and 
compliance (C) in addition to LV hemodynamics dur- 
ing AP. Twenty-four AP patients with coronary heart 
disease confirmed by coronary arteriography but with- 
out bronchopulmonary disease or congestive heart fail- 


ure were studied. LV hemodynamic and electrocardio- . 


graphic responses were observed before, during and 
after relief of pacing-induced AP. C; and body plethys- 
mographic measurements of Raw and TGV were made 
under similar conditions. AP was associated with a 
sudden increase in LV end-diastolic pressure (EDP), 
mean +39%, P «0.01, without change in LV end-dia- 
stolic volume (EDV), accompanied by a marked re- 
duction in specific airway conductance (1/Raw/TGV), 
—38%, P «0.01, at larger resting TGV (--2196, P = 
0.01) and C, declined (—27%, P <0.05). LV diastolic 
compliance (EDV/EDP) decreased abruptly (—38%, 
P <0.01). With relief of AP, these changes returned 
toward pre-angina values. Our data indicate that dur- 
ing periods of increased myocardial oxygen require- 
ments, ischemia-induced LV dysfunction effects an 
abrupt increase in LVEDP. The resulting increase in 
pulmonary capillary pressure and congestion produces 
varying degrees of lung mechanical alteration consist- 
ing of increased Raw, hyperinflation and reduced Cr. 
The resulting change in ventilatory effort may be in- 
terpreted as chest tightness, heaviness or constriction 
by the patient with AP. 


Hemodynamic Studies with a Permanently Implanted 
Left Ventricular Assist Device 
STEVEN PHILLIPS, MD*; DOV JARON, PhD; PAUL FREED, MS; 
GEORGE ZORZI, MD; ALEJANDRO ARIS, MD; ADRIAN KAN- 
TROWITZ, MD, FACC, Detroit, Michigan 


Hemodynamic effects of a dynamic aortic patch (DAP) 
for permanent ventricular assistance by diastolic aug- 
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mentation were studied in dogs. The DAP consists of 
an ellipsoidal silicone rubber pumping chamber. Da- 


 eron? velour backed with conductive polyurethane, 


which enhances the growth of a pseudointimal layer, 
lines the blood interface. The DAP is implanted into 
the wall of the descending thoracic aorta, and a pneu- 
matie conduit is exteriorized through the chest wall 
to a drive unit, Nineteen experiments were performed 
in 10 anesthesized, open chest mongrel dogs imme- 
diately after implantation of the DAP. Hemodynamic 
indexes were measured with the patch inactive and 
during pumping. The following average changes from 
the unassisted (control) to the assisted condition were 
observed: tension-time index —23% (SD 10), left ven- 


tricular peak pressure —20% (SD 12), left ventricu- 


lar stroke work —18% (SD 10), mean systolic ejection 
rate +36% (SD 11), cardiac output +16% (SD 8), 
aortic mean diastolic pressure +18% (SD 14), systemic 
vascular resistance —32% (SD 12) and mean coronary 
blood flow +41% (sD 27). Hemodynamic indexes in 


— dogs with induced left ventricular failure exhibited 
J greater percent changes. 


In other studies evidence was obtained that the DAP 


causes minimal blood trauma and that the incidence of . 


thromboembolization is negligible. These observations 
and the favorable hemodynamic response in the present 


i study suggest the appropriateness of a limited clinical 
trial of the system in patients no longer responsive to 
J medical management of chronic left ventricular failure. 


The Unpredictability of the Response of Idiopathic 
Hypertrophic Subaortic Stenosis Patients to 


- Oral Propranolol 


WILLIAM JOHN POWELL, Jr., MD*; RICHARD B. WHITING, MD; 
ROBERT E. DINSMORE, MD; CHARLES A. SANDERS, MD, Boston, 
Massachusetts 


Thirty patients with idiopathic hypertrophic subaortic 
stenosis (IHSS) catheterized in our institution during 
a 3 year period were studied prospectively to correlate 
the long-term response to orally administered pro- 
pranolol (Prop) with the response to intravenously 
administered Prop (0.15 mg/kg) at catheterization 
(Cath). Median followup period was 16 months. Before 
Cath 5 patients had New York Heart Association class 
I heart disease, 14 class II, 8 class III and 3 class IV. 
An elevation of peak basal gradient (>30 mm Hg) at 
Cath did not correlate with subsequent clinical deteri- 
oration. Two patients died suddenly, both with resting 
gradients of <20 mm Hg. Resting gradients of >15 
mm Hg were abolished by Prop in 5 patients, but these 


. patients had the same prognosis as the remainder. In 


only 5 of 29 patients did Prop abolish or substantially 
reduce the rise in peak gradient with a 20 mm Hg re- 
producible Valsalva; the percentage of patients in this 
group whose condition deteriorated was not reduced. 
Prop abolished the gradient increase (38 + 8 mm Hg) 
after 0.4 mg of nitroglycerin (NTG) in 11 patients, 
but this was of no prognostic value. One positive corre- 
lation was that, exclusive of the 2 sudden deaths, the 
condition of 0 of 12 patients with a peak gradient of 
<50 mm Hg after Prop and NTG deteriorated vs. that 
of 3 of 8 of the remainder (P <0.025). 

These data further emphasize that sudden death in 
IHSS (presumably arrhythmic) occurs in the presence 
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of minimal outflow tract obstruction. They suggest that 
the response to NTG before and after Prop may be an 
indicator of the long-term response to Prop, but indi- 
cate the difficulties in correlating long-term prognosis 
on Prop with Cath findings. 


Serial Evaluation of Left Ventricular Volumes and 
Posterior Wall Movement in the Acute Phase of 
Myocardial Infarction Using Diagnostic Ultrasound 


ROBERT A. RATSHIN, MD*; CHARLES E. RACKLEY, MD, FACC; 
RICHARD O. RUSSELL, Jr., MD, FACC, Birmingham, Alabama 


Dimensional changes and posterior wall movement 
were followed serially in 10 patients in the acute phase 
of myocardial infarction (MI) using diagnostic ultra- 
sound. Measurements included left ventricular (LV) 
internal dimensions in diastole and systole and LV pos- 
terior wall excursion and velocity (PWV). From these 
measurements, LV end-diastolic (LVEDV) and systolic 
volumes were caleulated and changes in stroke index 
(SI) and cardiac index (CI) were followed. Five pa- 
tients had anterior MI (Ant MI), 3 inferior (Inf MI), 
1 apical MI and 1 combined anteroseptal-inferior MI. 
Averages of the serial measurements of LVEDV for 
each patient ranged from 57.52 + 14.72 to 101.76 + 
17.43 cc/m?, SI 27.83 + 8.83 to 50.85 + 6.94 cc/m?, CI 
2.70 + 0.40 to 4.05 + 0.42 liters/min per m?, posterior 
wall excursion 0.97 + 0.13 to 1.2 + 0.07 cm and maxi- 
mal PWV 4.08 + 0.60 to 6.70 + 1.00 cm/sec. Serial 
measurements in individual patients were variable dur- 
ing the acute phase of MI and demonstrated no trends 
in the 9 surviving hospitalization. In the 1 patient who 
did not survive hospitalization, depressions of SI, CI 
and PWV occurred before death. In 3 patients under- 
going hemodynamic evaluation including dye-dilution 
CI determination, significant statistical correlation 
was noted with ultrasound CI determinations (no. = 6, 
r = 0.998). MI location was not associated with specific 
patterns or changes in LVEDV, SI or CI. Mean and 
maximal PWV were noted to be lower in patients with 
primary Inf MI (2.76 + 0.30 cm/sec and 4.97 + 0.64 
cm/sec, respectively) than in patients with primary 
Ant MI (3.19 + 0.48 em/sec and 5.89 + 0.80 cm/sec, 
respectively). The serial measurements obtained using 
ultrasound corresponded closely with the existing clin- 
ical circumstances and contributed to the description 
of the clinical status of the patient being monitored. 
The use of diagnostic ultrasound in the acute phase of 
MI permits noninvasive evaluation of serial changes in 
LV function defined by serial changes in LV volumes 
and PWV. 


Maximum Rate of Pressure Decline in the Normal, 
Hypertrophied and Dilated Left Ventricle in Man 


ATTILIO REALE MD, FACC*; PIER A. GIOFFRE MD; ANTONIO 
NIGRI MD; MARIO MOTOLESE MD, Rome, Italy 


The rate of ventricular pressure rise has received con- 
siderable attention in recent years, whereas the rate of 
pressure decline has been generally neglected. Maximal 
rate of pressure decline or negative dp/dt (Ndp) and 
of pressure rise or positive dp/dt (Pdp) were deter- 
mined in 225 patients with a normal (NLV), pressure 
overload (PLLV) or volume overload (VLLV) left ven- 
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tricle. Mean Ndp for NLV (1,581 mm Hg/sec + SE 41) 
was correlated (P <0.05) with mean Pdp (1,858 + 71) 
but significantly lower (P <0.001). During isoprotere- 
nol infusion Ndp was unchanged (1,639 + 134 to 1,715 
+112), whereas Pdp increased significantly (1,845 + 
183 to 3,957 + 288, P <0.001). Beta adrenergic block- 
ade with oxprenolol caused a decrease in Pdp (2,041 + 
150 to 1,567 + 87, P <0.001) and no change in Ndp 
(1543 + 79 to 1524 + 47). In PLLV, Ndp was signifi- 
cantly higher (1,766 + 68) and in VLLV significantly 
lower (1,344 + 74) than in NLV (1,581 + 41, P 
« 0.05), with a trend similar to that observed for Pdp. 
During positive inotropic stimulation, Ndp in PLLV 
did not change significantly (1,756 + 118 to 1,986 + 
91) in contrast to Pdp, whereas it was increased in 
VLLV (1,839 + 127 to 1,810 + 145, P <0.01). 

The data indicate that the rate of isometric relaxa- 
tion is different and can be independently altered from 
the rate of isometric contraction. The findings that ven- 
tricular hypertrophy and dilatation affect the rate of 
pressure decline and that chronic volume overload ven- 
tricles respond differently from normal and pressure 
overload ventricles to inotropic stimulation suggest 
that the study of isometric relaxation may be of im- 
portance in the evaluation of overall ventricular per- 
formance. 


The Beneficial Effects of Nitroglycerin on the 
Degree of Myocardial Ischemia Occurring During 
Coronary Occlusion in the Conscious Dog 


DAVID R. REDWOOD, MB, MRCP*; ELDON R. SMITH, MD; WIL- 
LIAM E. McCARRON, MD; STEPHEN E. EPSTEIN, MD, Bethesda, 
Maryland 


It is generally believed that nitroglycerin (NTG) is 
contraindicated in acute myocardial infarction because 
of the potential deleterious effects of a decrease in 
coronary perfusion pressure and reflex increase in 
heart rate (HR). To define the effects of NTG during 
acute myocardial ischemia (MI), coronary occlusion 
was produced in 7 conscious dogs by 15-minute occlu- 
sions of the left anterior descending coronary artery 
(LAD) produced by inflating a balloon cuff previously 
implanted around the LAD. The degree of MI was esti- 
mated by summating the S-T elevation (X S-T) re- 
corded from 12 myocardial electrodes. In 7 dogs MI was 
produced during control arterial pressure (AP) and 
HR and during intravenous NTG (100-200 ,»/min) 
which produced an average decrease in mean AP of 14 
mm Hg and increase in HR of 19 beats/min. After 15 
minutes of control MI, X S-T averaged 85 mv. NTG 
resulted in an average decrease in X S-T of 13 mv (P 
« 0.005). To determine whether the beneficial effect of 
NTG was mediated by decreased afterload, AP was 
lowered by phlebotomy in 4 dogs so that systolic, dia- 
stolic and mean pressures were not different between 
oeclusions during NTG and during hemorrhage. HR 
was held constant by atrial pacing. X S-T was less than 
control during NTG (—16 mv, P <0.01) but greater 
during hemorrhage (+27 mv, P <0.005). We conclude 
that in experimental acute coronary occlusion, NTG 
decreases the degree of ischemic injury, an effect not 
related to a decrease in afterload. Whether NTG dilates 
collateral vessels under these circumstances remains to 
be determined. 
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Anatomic Studies on Cloth-Covered Starr-Edwards 
Prosthetic Valves Implanted for Longer than 
Two Months 


WILLIAM C. ROBERTS, MD, FACC*; ROBERT L. REIS, MD; VICTOR p 


J. FERRANS, MD; ANDREW G. MORROW, MD, FACC, Bethesda, 
Maryland 


Little anatomic data is available on the fate of cloth- 
covered struts of Starr-Edwards prostheses implanted 
for long periods. Of 27 prostheses implanted for 3 to 44 
months (average 20) in 23 patients, 7 were recovered 
at reoperation and 16 at necropsy. Eighteen were aortic 
prostheses (14 model 2300, 4 model 2310), 8 were 
mitral (5 model 6300, 3 model 6310) and 1 tricuspid 
(model 2300). Each of the 27 prostheses showed some 
degree of tissue growth over the cloth of the struts 


and bases by histologic examination, although grossly p 


some struts appeared free of tissue covering. The ini- 
tial deposit appeared to be fibrin-platelet thrombi, usu- 
ally at the apexes of the cages. This material organized 
into dense fibrous tissue containing fibroblasts, and, 
rarely, vascular channels and mononuclear cells. Elec- 


tron mieroscopy (2 prostheses) showed that the or- d 


ganized tissue consisted of collagen fibrils with occa- 
sional fibroblasts. The amount of tissue growing over 
the struts was not proportional to the length of the im- 
plantation period, and it was not more extensive in 
mitral as compared to aortic prostheses or vice versa. 
Wear of cloth on the struts was observed in 2 of the 27 
prostheses, both aortic, implanted for 16 and 25 
months, respectively. 


The Diffuse Nature of Coronary Arterial 
Atherosclerosis in Fatal Acute Myocardial Infarction 


WILLIAM C. ROBERTS, MD, FACC*; L. MAXIMILIAN BUJA, MD, 
FACC, Bethesda, Maryland 


Since the introduction of bypass grafts, knowledge of 
the distribution of coronary arterial atherosclerotic 
plaques has become essential. To determine the extent 
of atherosclerosis, the entire right, left anterior de- 
scending and left circumflex coronary arteries were ex- 
amined histologically (3 six-micron thick sections per 
0.5 segment) in 107 patients (aged 26-90 years [aver- 
age 60]) with fatal acute myocardial infarction. Of the 
3 major coronary arteries the average number per pa- 
tient narrowed >75% by old atherosclerotic plaques 
was as follows: 2.4 in 74 patients with transmural ne- 
crosis, 2.1 in 9 patients with subendocardial necrosis 
and 2.4 in 24 patients who died suddenly (<6 hours af- 
ter onset of symptoms, no myocardial necrosis). Of the 
several thousand sections of coronary arteries exam- 
ined in the 107 patients, only 4 sections were free of 
old plaques, and 3 of them had coronary emboli. Thus, 
coronary arterial atherosclerosis is a diffuse disease. 
The degree of luminal narrowing may vary, but some 
degree of atherosclerotic plaquing is present diffusely. 


Papillary Muscle Necrosis in Active Valvular 
Infective Endocarditis 


WILLIAM C. ROBERTS, MD, FACC; NEIL A. BUCHBINDER, MD, 
Bethesda, Maryland 


Left ventricular papillary muscles (PM) were exam- 
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ined histologically in 41 patients (30 male, 11 female, 
aged 5 to 70 years [average 41]) who died of active 
infective (I) endocarditis (E). Necrosis was present 
in 1 or both left ventricular (LV) PM in 33 patients, 
diffuse in 6 and focal in 27. Of 17 anterior right 
ventricular papillary muscles examined, 8 had necrosis, 
diffuse in 2 and focal in 6. PM necrosis was not de- 
pendent en the site of vegetations: 12 of 14 patients 


with isolated aortic valve vegetations, 5 of 9 with iso- 


lated mitral valve vegetatiors, and 2 of 4 with isolated 
tricuspid valve vegetations had LV PM necrosis. Only 
1 patient had significant narrowing of extramural coro- 
nary arteries, and in only 2 of 5 patients with emboli 
to intramural coronary arteries were emboli seen in in- 
volved PM. No patient with PM necrosis had necrosis 
of the free wall of LV beneath the PM. Valvular dys- 
function with congestive cardiac failure occurred in 28 
of 33 patients with and in 3 of the 8 patients without 
PM necrosis (P — 0.015). PM necrosis in active IE ap- 
pears to be a consequence of congestive cardiac failure 
(CHF) rather than a cause of CHF in this condition. 


Studies of Cardiac Pharmacology 
in Intact Animals and Isolated 
Cardiac Tissues 


MICHAEL R. ROSEN, MD*; HENRY GELBAND, MD; VINCENT P. 
BUTLER, Jr. MD; BRIAN F. HOFFMAN, MD, New York, New York 


A recently developed technique for perfusing isolated 
cardiac Purkinje fibers (PF) with blood of intact dogs 
(donor) permits simultaneous observation of drug-in- 
duced events in donors and PF's. Standard microelec- 
trode techniques are used to study PF while donor ar- 
terial pressure and electrocardiogram (ECG) are moni- 
tored. Applicability of this system to the correlation of 
drug effects on PF transmembrane action potentials 
(AP) and donor was studied using intravenously ad- 
ministered procainamide (PA) and tritiated ouabain 
(O--H). At plasma PA concentration ([PA]) = 5-10 
ng/ml (determined spectrophotometrically) AP ampli- 
tude, resting membrane potential and maximal slope of 
phase 0 deereased, AP duration and refractoriness in- 
creased; and conduction time along the PF and QRS 
duration in the donor ECG prolonged. Higher [PA] ac- 
centuated the changes, lower [PA] reversed them. For 
experiments on O-?H, at various times after infusion, 
uptake in the isolated PF and PF excised from the 
donor were measured (as disintegrations/min per mg 
wet weight) and found equivalent when corrected for 
heart rate and stimulus cycle length. Onset of O-?H in- 
duced ventricular arrhythmias on ECG occurred simul- 
taneously with conduction disturbances in the PF. AP 
characteristics of PF removed from the donor at vari- 
ous time intervals after O--H or PA infusion were 
nearly identical to those of the isolated PF studied si- 
multaneously. In all experiments, drug concentrations 
which changed PF AP and donor ECG characteristics 
were markedly lower than concentrations needed dur- 
ing Tyrode perfusion. These studies indicate that this 
blood perfusion technique provides an accurate means 
for correlating pharmacologic effects during electro- 
physiologic studies of donor animals and isolated PF. 
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Heart Size and Left Ventricular Function in the 
Year Following Myocardial Infarction 


RICHARD O. RUSSELL, Jr., MD, FACC*; BOLLING J. FIELD, MD; 
CHARLES E. RACKLEY, MD, FACC, Birmingham, Alabama 


The presence or absence of cardiomegaly is routinely 
used as an index of cardiac function. To assess the 
value of heart size in estimating postinfarction left 
ventricular (LV) function, 25 patients were evaluated 
2 to 12 months after a transmural myocardial infarc- 
tion by quantitative LV biplane angiography. Cardiac 
size was estimated by the cardiothoracic ratio (CTR) 
obtained from standard 6-foot posteroanterior roent- 
genograms and ranged from 0.35 to 0.68. LV end-dia- 
stolic volume (EDV) ranged from 67 to 331 ml/m? and 
ejection fraction (EF) from 0.09 to 0.64. Normal heart 
size (CTR <0.50) and relatively normal LV function 
(EF >0.50) were present in 6 patients; none demon- 
strated heart failure (paroxysmal nocturnal dyspnea 
or ventricular gallop, or both). Normal heart size was 
alse present in 13 other patients, but each had a de- 
pressed EF (range 0.43-0.18, mean 0.35); 2 had heart 
failure. The remaining 6 patients demonstrated car- 
diomegaly, with EF ranging from 0.24 to 0.09; all had 
heart failure. The CTR is often thought to be an unre- 
liable index of LV function because it does not accu- 
rately reflect LV size. Although CTR was useful in pre- 
dicting LV size (i.e, EDV) (r = 0.70, P <0.002), LV 
size did not accurately predict LV function (i.e, EF) 
(r = 0.66, P <0.005). Furthermore, heart size pre- 
dicted LV function (r = —0.66, P <0.005) equally as 
well as did LV size (r = —0.66, P <0.005). In conclu- 
sion, cardiomegaly was a reasonable indicator of post- 
infarction LV function, being associated with clinical 
heart failure and with EF <0.30. However, normal 
heart size was often associated with significant LV 
dysfunction (EF <0.45) that was not clinically ap- 
parent, 


Abnormalities of Left Ventricular Contractility in 
Isolated Right Ventricular Overload 


ANTONE SALEL, MD*; DEAN T. MASON, MD, FACC; EZRA A. 
AMSTERDAM, MD, FACC; ROBERT F. ZELIS, MD, FACC, Davis, 
California 


Although it has been the traditional concept that left 
ventricular (LV) funetion is not affected by primary 
pressure or volume overload of the right ventricle 
(RVO), little information and no studies of LV muscle 
mechanics are available. Thus, 9 patients with primary 
RVO (atrial septal defect, 4; mitral stenosis, 2; pul- 
monic stenosis, cor pulmonale, pulmonary embolus) un- 
derwent evaluation of LV muscle function and hemo- 
dynamics during cardiac catheterization and were com- 
pared to 9 subjects with normal (N) hemodynamics 
and angiography. Both groups had normal LV end- 
diastolie pressures (N 8.7, RVO 8.1 mm Hg, NS), and 
ejection fractions (N 0.71, RVO 0.68, NS) (determined 
by single plane cineangiography). Instantaneous LV 
contractile element velocity (VCE) was calculated from 
developed isovolumic LV pressure (LVP) and its first 
derivative ([dp/dt]/[32:LVP ]) and a pressure-velocity 
curve was constructed, from which maximal extrapo- 
lated VCE at zero LVP (Vmax) was determined. LV 
Vmax was considerably depressed in RVO (1.78) when 
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compared to N (3.10) (P <0.01). These findings indi- 
cate that abnormalities of LV muscle function are as- 
sociated with primary pressure and volume overloading 
of the RV despite normal LV hemodynamics. Such pa- 
tients should not be considered suitable “normal con- 
trols." 


The Relative Selection Sensitivities of Techniques to 
Evaluate Myocardial Function in Patients with Left 
Ventricular Hypertrophy 


ANTONE SALEL, MD*; DEAN T. MASON, MD, FACC; EZRA A. 
AMSTERDAM, MD, FACC; ROBERT F. ZELIS, MD, FACC, Davis, 
California 


Several indexes of left ventricular (LV) function sepa- 
rate patients with severe heart disease from normal 
subjects (N); however, their sensitivity in detecting 
minor abnormalities has not been evaluated. Thus, 9 N 
(cardiac index 4.10 liter/min per m?, LV end-diastolic 
pressure 8.67 mm Hg) were compared with 21 patients 
with hypertrophic heart disease (HHD) (aortic steno- 
sis, 14; hypertrophic cardiomyopathy, 7) (cardiac in- 
dex 2.83 liters/min per m?, LV end-diastolic pressure 
16.1 mm Hg). Parameters of LV function evaluated 
were ejection fraction (EF) from single plane cine- 
angiography, preejection period/LV ejection time 
(PEP/LVET), LVET/isovolumic contraction time 
(LVET/ICT), the first derivative of LV pressure at 50 
mm Hg (dp/dt 50), and contractile element velocity 
(VCE) extrapolated to 0 load (Vmax) (VCE = [dp/ 
dt]/[32:LV pressure]). Abnormalities in LV function 
could not be detected in HHD on the basis of EF 
(HHD 0.63, N 0.71, P >0.5); PEP/LVET (HHD 0.356, 
N 0.342, P 50.5); LVET/ICT (HHD 6.33, N 6.24, P 
0.5) but were readily evident by the analysis of Vmax 
(HHD 1.61, N 3.11 muscle lengths/sec, P <0.01) and 
dp/dt 50 (HHD 1,422, N 1,852 mm Hg/sec, P <0.01). 
These data indicate that indexes of muscle function 
(Vmax, dp/dt 50) are more sensitive indicators of 
minor abnormalities of LV dysfunction than indexes 
obtained principally from pump performance (EF, 
PEP/LVET, LVET/ICT). 


Pharmacokinetics of Intramuscularly 
Administered Lidocaine 


MICHAEL SANDERS, MD*; ARTHUR H. HAYES, Jr., MD; THOMAS 
KILLIP, MD, FACC, New York, New York 


Lidocaine is commonly administered intravenously for 
control of certain cardiac arrhythmias. Certain phar- 
macologic and practical advantages might be gained if 
it could be administered predictably by the intra- 
muscular route as well. Ten patients free from ar- 
rhythmia or hepatic impairment (9 male, 1 female), 
aged 27-74 years (mean 52.6) were given 4 mg/kg 
body weight of 1095 lidocaine HCl (Xylocaine$, Astra 
Pharmaceuticals) intramuscularly in order to study 
the kinetics of its absorption and elimination from the 
blood. This allowed comparison with similar curves de- 
scribed from intravenous studies where correlation 
with antiarrhythmic efficacy has been determined. 
Lidocaine is a known potent vasodilator, and absorp- 
tion was uniformly rapid with a mean time to peak 
blood level of 13.5 minutes (range 5-30) and a mean 
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peak blood concentration of 2.84 pg/ml (range 1.60- 
4.45). Elimination occurred exponentially at 2 succes- 
sive rates: an initial, rapid rate with t44 = 51 minutes 
and a second, slower rate with t44 = 132 minutes. These 
elimination rates are virtually identical with those ob- 
tained after intravenous administration. Knowledge of 
these kinetic measures of lidocaine after intramuscular 
administration is essential in evaluating the place of 
this agent in the management of cardiac arrhythmias. 


Comparative Mechanisms of Ventricular 
Dysfunction in Aortic and Mitral Stenosis 
Associated with Coronary Artery Disease 


GREGORY J. SCAMPARDONIS, MD; ANTONIO G. HERMOSILLO, 
MD; JAIME J. ARRIAGA, MD; DEMETRIOS KIMBIRIS, MD; 
LEONARD S. DREIFUS, MD, FACC*, Philadelphia, Pennsylvania 


The poor postoperative behavior of patients with aortic 
stenosis (AS) and mitral stenosis (MS) associated with 
significant obstructive coronary artery disease (CAD) 
suggested that important derangements of ventricular 
function could be ascribed to the influence of CAD. The 
following hemodynamics findings were present in 23 
cases of pure AS and 31 cases of MS with greater than 
50% obstruction of more than 1 coronary artery. Com- 
parison was made with a similar number of patients 
with equally severe valvular disease and no coronary 
involvement (NCAD). In AS-CAD the cardiac index 
(CD, stroke index (SI), left ventricular systolic pres- 
sure (LVSP) and aortic gradient (AG) were signifi- 
cantly lower than in the AS-NCAD group (Table I). 
Similarly, in patients with MS-CAD, the CI, SI and 
right ventricular systolic pressure (RVSP) were re- 
duced as compared to MS-NCAD (Table II). It is con- 
cluded that the common basic impairment in AS and 
MS is the inability of the involved ventricle to generate 
pressure proportional to the degree of valvular ob- 
struction in the presence of significant CAD. Coronary 
pathology of only modest severity may be important 
when superimposed on overloading of the ventricles. 
Hence, selective coronary arteriography is suggested 
for all patients undergoing catheterization for valvular 
heart disease. 


TABLE | 


Patients with Aortic Stenosis 


AS-CAD AS-NCAD 
CI (liters/min per m?) 2.16 + 0.1 2.92 + 1.6 
SI (cc/m?) 24.93 + 3.61 37.10 2 2.06 
LVSP (mm Hg) 155.20 + 9.64 202.88 + 16.89 
AG 38.3 + 7.78 83.4 + 12.1 
TABLE Il 
Patients with Mitral Stenosis 
MS-CAD MS-NCAD 
CI (liters/min per m?) 1.77 + 0.21 2.44 + 0.14 
SI (cc/m?) 21.14 + 2.68 31.30 + 1.90 
RVSP (mm Hg) 39.33 + 4.76 47.48 + 5.03 
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Heritable Cardiac Conduction Disease: Left Axis 
— Deviation, Right Bundle Branch Block, Complete 
- Heart Block and Early Death 


STEPHEN F. SCHAAL, MD*; JOHN F. SEIDENSTICKER, MD; 
RICHARD M. GOODMAN, MD; CHARLES F. WOOLEY, MD, Colum- 
bus, Ohio 


Bundle branch disease and heart block have been 
ascribed to ischemic or degenerative processes. Recent 
experience with a patient with left axis deviation 
(LAD), right bundle branch block (RBBB) and inter- 
mittent complete heart block (CHB) suggested a 
familial conduction abnormality. Forty-five members 
of 5 generations were examined ; 24 had abnormal elec- 
trocardiograms. Seven had LAD and RBBB; and 7 
LAD, RBBB and intermittent CHB. Eight family mem- 
bers under 25 had lesser conduction defects: 2 had 
RBBB, 1 incomplete right bundle branch block 
(IRBBB), 3 LAD, and 2 combined LAD and IRBBB. 
Early death was a prominent feature; conduction de- 


- fects, CHB and early death occurred in 10 affected 
persons. The genetic defect appears to be transmitted 


as an autosomal dominant with varying expressivity. 


"This conduction abnormality, not recognized as a heri- 


table disorder, raises serious questions about the 
ischemic or degenerative processes thought important 
in this disease. Further family and epidemiologic 
studies may yield valuable information about the 
cedes factors and developmental changes leading to 
HB. 


Physiologic Effects of Intraaortic Balloon 
Pumping in Cardiogenic Shock 


STEPHEN SCHEIDT, MD*; Cooperating Investigators Balloon 
Pump Cooperative Study, Albany, New York; Houston, Texas; Los 
Angeles, California; New York, New York; Brooklyn, New York; 
Durham, North Carolina; Detroit, Michigan; St. Louis, Missouri 


Intraaortic balloon pumping (IABP) was used in 10 
institutions under a common protocol to treat 81 pa- 
tients with cardiogenic shock (CS) after acute myo- 
cardial infarction ( AMI). In 73 patients refractory to 
conventional therapy (group I) initial mean heart rate 
(HR) was 108, arterial pressure 77/51 mm Hg, central 
venous pressure (CVP) 12 mm Hg, left ventricular end- 
diastolic pressure (LVEDP) 31 mm Hg, cardiac out- 
put 2.8 liters/min. Median times were shock onset 17 
hours after infarction, initiation of IABP 5 hours after 
shock and total assistance 24 hours (range 2.5 hours- 
18 days). During IABP HR decreased 5%, systolic ar- 
terial pressure 9%, CVP 21% and LVEDP 45%, 
whereas diastolic arterial pressure increased 102% and 
urinary output increased from 14 to 51 ml/hour. Trans- 
myocardial lactate metabolism improved in all 19 pa- 
tients studied, averaging 9% production before and 
12% extraction during IABP. Shock was reversed in 
55 patients (75%). Improvement could not be main- 
tained in 41 patients (56%) who died during or im- 
mediately after termination of IABP. IABP was suc- 
cessfully discontinued in 32 patients (44%) although 
23 later died (median survival 48 hours, range 26 
hours-45 days). Eight additional patients with CS had 
partial or transient improvement with medical treat- 
ment (group II). Shock was totally reversed with IABP 
in 7, and 3 survived. There were 10 complications of 
IABP including 1 death. IABP provides temporary 
clinical, hemodynamic and metabolic benefit in pa- 
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tients with CS after AMI and is valuable when short- 
term cardiac assistance is needed. 


Late Systolic Mitral Regurgitation in Children 


DAVID C. SCHWARTZ, MD, FACC*; SAMUEL KAPLAN, MD, FACC; 
RICHARD A. MEYER, MD, Cincinnati, Ohio 


The auscultatory complex of a midsystolic click or late 
systolic murmur, or both, in association with T wave 
inversion in the left ventricular surface leads of the 
electrocardiogram is sufficiently unique to clinically 
suspect mitral valve dysfunction with late systolic 
mitral regurgitation. In our clinic, we have followed up 
43 children with clinical signs of late systolic mitral 
regurgitation. Their ages at the time of diagnosis 
ranged from 4 to 16 years. The longest period of fol- 
lowup has been 15 years. Selective left ventriculogra- 
phy in 8 patients demonstrated prolapse of the pos- 
terior mitral leaflet with various degrees of mitral in- 
competence in each instance. Intracavitary phonocar- 
diography in 5 patients confirmed the intracardiac 
origin of the acoustic events recorded externally. Ultra- 
sound studies in 10 patients confirmed posterior move- 
ment of the posterior mitral leaflet in late systole. Si- 
multaneous phonocardiographic and echocardiographic 
studies demonstrated that the abnormal mitral valve 
motion coincides with the onset of the murmur in late 
systole. The frequency of this form of mitral dysfunc- 
tion in children raises important questions regarding 
origin. Nine patients in our series have a definite his- 
tory of rheumatic fever, and in 7 others it is highly 
suspect. We have not confirmed the presence of late 
systolic mitral regurgitation in an infant. These ob- 
servations indicate that late systolic mitral regurgita- 
tion is prevalent in children and adds to the widening 
spectrum of this form of mitral valve dysfunction. Our 
studies further substantiate the usefulness of echocar- 
diography in the detection of prolapse of the posterior 
mitral leaflet. 


Saphenous Vein Bypass Surgery for 
Impending Myocardial Infarction 


BERNARD L. SEGAL, MD, FACC*; WILLIAM LIKOFF, MD, FACC; 
HANS VAN DEN BROEK, MD; ALBERTO ADAM, MD; GUMER- 
SINDO BLANCO, MD; DEMETRIOS KIMBIRIS, MD; MOOSA NAMI, 
MD, Philadelphia, Pennsylvania 


Seventeen patients, all men 37 to 65 years old, were 
selected for surgery for impending myocardial infarc- 
tion. All patients were admitted to the coronary care 
unit with recurrent and crescendo angina pectoris with 
electrocardiographic changes of acute ischemia without 
infarction. Intermittent ventricular tachycardia was 
present in 8 and ventricular fibrillation in 3 patients 
before operation. Coronary arteriography showed 3- 
vessel disease (at least 75% obstruction) in 12, 2- 
vessel disease in 2 and 1-vessel disease in 3 patients. 
Triple and double saphenous vein bypass shunts were 
performed in 14, a single shunt in 3 patients. Clinical, 
hemodynamic and radiographic follow-up data from 5 
to 16 months are reported. Two patients failed to sur- 
vive surgery. After operation, 3 experienced acute myo- 
cardial infarction within 6 months. Angina disap- 
peared in all 15 living patients after operation, but 
reappeared infrequently in 3 patients 2 months post- 
operatively. Coronary arteriography and ventriculog- 
raphy performed 4 to 8 months after surgery showed 
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patency of the vein graft in all but 2 subjects. Ven- 
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akinesia were unchanged. Cardiac output and left ven- 
tricular pressure data were improved in 12 of the sur- 
vivors. 




















Results of Aorta-Coronary Bypass Graft Surgery. 
Comparison with Arterial Implants and 
Medical Treatment 


G. K. SEHAPAYAK, MD; WALTER M. ALLISON, MD, FACC; DONALD 
G. PANSEGRAU, MD; JOHN C. GRAMMER, MD, FACC; WILLIAM 
L. KRAUS, MD, FACC*, Dallas, Texas 


Data on all patients in our institution treated with 
aortocoronary saphenous vein bypass grafts before 
July 1970 were reviewed. Combined operations (with 
implants, aneurysmectomies, valve replacement) were 
excluded. This left 67 patients with single or multiple 
(mean 2.3) grafts (group I). Review of all coronary 
arteriograms before advent of bypass graft surgery 
yielded 64 patients who would have been candidates for 
bypass grafts by the criteria used in selecting group I. 
Of these, 31 had received arterial implants (group II), 
and 33 were treated medically (group III). The follow- 
ing indexes were statistically analyzed in all groups: 
age, sex, functional classification, severity of obstruc- 
tive disease, left ventricular ejection fraction and end- 
diastolic pressure, number of previous myocardial in- 
farctions and electrocardiographic Q waves. No signifi- 
cant differences were found, except in functional classi- 
fication (3.2 in group I, 2.6 in group III, P <0.05). 
Mortality for the medically treated patients (group III) 
was 15.3% in 1 year, 24.2% total, mean followup period 
28 months. Results in the surgical groups are shown in 
Table I. Total mortality at 1 year is not as yet signifi- 


TABLE I 
Results After Surgery 


Followup M 
(oui ortality (95) 
Group months) Operative Late Totai 
| 14.6 10.5 1.5 11.9 
II 28.0 19.4 16.6 36.0 


cantly less in group I than in group III, due to the im- 
pact of operative deaths, but is significantly greater 
in group II. Bypass graft surgery resulted in signifi- 
cantly decreased late mortality and improved functional 
classification (3.2 to 1.5 postoperatively) compared to 
insignificant improvement in groups II and III. 


Potentiation of Contraction by Premature 
Activation in Patients with Normal and 
Abnormal Left Ventricular Function 


RALPH SHABETAI, MD, FACC*; JOHN B. UTHER, MD; KIRK L. 
PETERSON, MD; JOHN ROSS, Jr., MD, FACC, San Diego, Cali- 
fornia 


It has been reported that in myocardiopathic rats the 
Bowdich effect is absent. This suggests a defect in 
electromechanical coupling. Accordingly, the enhanced 
cardiac performance that occurs in the contraction im- 
mediately following premature ventricular depolariza- 
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ventricular extrasystoles (ES), and in 3 with atrial 


iil | | AF /' In 6 the left ventricle (LV), assess ed ; 
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and stroke volume, was normal (LVN): 7 had dys- 


function (LVD). The following indexes were digitally 


computed from LV pressure (P) taped from catheter 


tip manometers: peak dp/dt, dp/dt over developed pres- - : 


(dp/dt:DP — 40), 

DP the 
dp/dt 

P 

Vmax (using P and linear extrapolation). Normal 
beats were compared with beats having a short pre- 
ceding R-R interval (RR1) and long or normal R-R 
interval (RR2). Short RR1 was 436 + 17 msec SEM for 
LVN and 458 + 48 msec for LVD. The percent increase 
in contractility indexes for beats with short RR1 are 
shown in Table I. 


sure (DP) at DP of 40 mm Hg 


and 





highest value attained for the expression 


TABLE | 
Percent Increase in Contractility Indexes 


Index LVN LVD 
i v f. 75 0 nor m NL 
Peak dp/dt 25+ 6 31+ 4 
SNNT om 34 + 6 7+ 5 

DP 
ne 20+ 5 29 + 11 
Vmax 39+ 4 34+ 8 
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Contractility increased in all beats in all patients 
when a normal or long RR2 followed a short RR1. This 
increase did not differ statistically between LVN and 
LVD or between short RR1 caused by ES or occurring 
in normally conducted beats in AF. 

It is concluded that a deficiency in electromechanical 
coupling was not uncovered in these patients with LVD. 
Our study also demonstrated an alteration in inotropic 
state, representing an expression of the force-frequency 
relation in patients with atrial fibrillation. 


Exercise Heart Rate and Blood Pressure in 
Electrocardiographic Stress Test Design 


L. THOMAS SHEFFIELD, MD, FACC*; DAVID ROITMAN, MD, 
Birmingham, Alabama 


We inquired whether the product of heart rate (HR) 
and systolic blood pressure (SBP) would permit a more 
precise definition of a “standard stress" than would the 
use of HR alone, measuring 223 tests on untrained pa- 
tients over age 30 years and free of factors known to 
equivocate the “ischemic S-T depression" response. 
There were 89 negative and 134 positive responses. 
Mean age of the subjects was 49 years (range 30-72). 
In each test exercise was terminated upon evidence of 
exercise intolerance, S-T segment depression, or soon 
after reaching target heart rate. Peak exercise HR and 
HR x SBP were examined in relation to age and elec- 
trocardiographic response. 

Patients with negative responses reached not less 
than 10 beats/min of target HR in 98% of tests. In 
patients with ischemic responses mean HR was much 
lower than in those with negative responses, but the 
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linear regression in the age range 40 to 68 years was 
evident (HR — 184 — 0.79 [age 40 years]), below which 
occurred 128 positive HR responses (98%). HR x SBP 
provided a wider dispersion of data than HR alone. A 
level was found (35 mm Hg/min) which would include 
95% of those with positive responses, but <75% of 
those with negative responses reached even 30 mm 
Hg/min, so aiming for such a product would be point- 
less, In summary, the merit of HR x SBP for predict- 
ing onset of ischemia in the individual patient does not 
appear to hold for general application as a stress end- 
point in exercise testing, but 35 mm Hg/min may be 
used as an effective end-point for the occasional subject 
who achieves this level. However, there is an age re- 
gression of exercise HR that includes 98% of those 
with positive responses, the attainment of which is 
therefore a strongly negative result if no evidence of 
ischemia is manifested. 


Noninvasive Determination of Infarct Size 5 Hours 
After Coronary Occlusion in the Conscious Dog 


WILLIAM E. SHELL, MD*; BURTON E. SOBEL, MD, FACC; JAMES 
W. COVELL, MD; JOHN F. LAVELLE, MS, La Jolla, California 


This study was designed to predict infarct size (IS) 
within 5 hours in the conscious dog subjected to coro- 
nary occlusion and to measure changes in IS following 
isoproterenol administration. We have previously 
shown that IS is reflected by the pattern of serial 
serum creatine phosphokinase (CPK) changes during 
the 24 hours following occlusion. In the present study, 
serum CPK changes were measured in 21 conscious 
dogs subjected to coronary occlusion. Results were fit 
to a log normal function by least squares approxima- 
tion. When the function was fit with values obtained 
during only the first 5 hours following occlusion, the 
derived curve predicted IS accurately (IS,). Correla- 
tion coefficients between fit curves and actual serial 24 
hour values in animals with occlusion alone were 0.94 
+ 0.03 (mean + SE), no. = 10. Differences between 
IS, calculated from CPK changes during only the first 
300 minutes and infarct size (range: 0.4 = 60 g) based 
on myocardial CPK analysis were small, 0.3 + 2.4 g 
(mean + SE). In 11 additional dogs isoproterenol, 
0.015 mg/kg subcutaneously, was administered at least 
10 hours after coronary occlusion. In all, subsequent 
serum CPK values deviated from those predicted by 
the log normal function. Hence, IS calculated from 24 
hour serum CPK changes exceeded IS, by an average 
of 219% (P <0.01). Extension of infarction produced 
by isoproterenol was corroborated by postmortem myo- 
cardial CPK analysis. Thus, anticipated serum CPK 
changes, IS and quantification of extension can be de- 
termined promptly and noninvasively by appropriate 
analysis of early serum CPK elevations in individual 
conscious dogs. 


The Effect of Variation in Arterial Oxygen Tension on 
Fetal Circulation 


BIJAN SIASSI, MD*; IRWIN TESSLER, MD; PAUL Y. K. WU, MD; 
HOUCHANG MODANLOU, MD; RAYMOND LI, MD, Los Angeles, 
California 


The cardiovascular effect of changes in fetal arterial 
oxygen tension (pO.) was studied in 7 closed-chest 


fetal lambs maintained in normal physiologic condition 
connected to an extracorporeal circuit functioning as 
an "artificial placenta." While fetal rectal temperature 
was maintained at 37 to 39C, umbilical arterial (UA) 
pH 7.30 to 7.40, UA pCO, 35 to 45 mm Hg and placental 
flow (extracorporeal) 110 to 130 ml/kg per min, fetal 
circulation was investigated by dye-dilution technique 
at UA pO, of 20 to 30 mm Hg (fetal normoxia) and 35 
to 45 mm Hg (fetal hyperoxia). Dye was injected suc- 
cessively into superior vena cava (SVC), inferior vena 
cava, right ventricle (RV) and left ventricle (LV) 
while being sampled from the ascending and descend- 
ing aorta (DA). 

During fetal normoxia, effective cardiac output was 
305 + 28 ml/kg per min, LV output 153 + 25 ml/kg 
per min, pulmonary circulation time 5.8 + 0.8 seconds 
and a large right to left (R-L) ductal shunt was pres- 
ent in each instance. SVC flow was directed to the right 
ventricle and through the ductus arteriosus into the 
descending aorta, During fetal hyperoxia LV output in- 
creased markedly to 269 + 26 ml/kg per min, approxi- 
mating the effective cardiae output, pulmonary circula- 
tion time decreased to 2.1 + 0.3 seconds, whereas R-L 
ductal flow disappeared in 5 and markedly decreased in 
2 instances. From this study it appears that, in fetal 
lambs, hyperoxia beyond an UA pO, of 35 mm Hg leads 
to closure of ductus arteriosus and marked decrease in 
pulmonary vascular resistance while allowing a sizable 
shunt through the foramen ovale. 


A Method of Quantifying the Need for Surgical 
Therapy in Clinical Myocardial Infarction Shock 


JOHN H. SIEGEL, MD*; EDWARD J. FARRELL, BS; ISAAC LEWIN, 
MD; DAVID BREGMAN, MD, New York, New York 


Determining the need for mechanical support or acute 
revascularization, or both, before irreversible myo- 
cardial damage occurs presents a major problem in the 
treatment of myocardial infarction (MI) shock. By de- 
scribing the magnitude and the shape of the central 
indicator-dilution curve using a mathematic model 
which quantifies the dye curve by 4 independent in- 
dexes, flow, and the delay, dispersion (non-mixing) and 
mixing mean transit times, more than 1,000 indicator 
curves from 197 patients with septic, nonseptic, and 
myocardial infarction shoek, and from preoperative 
control patients without shock were analyzed. Mixing 
time (t,,) reflects changes in the durational aspects of 
myocardial contractility. Dispersive time (t,) ordi- 
narily reflects transit across pulmonary small vessels, 
but some patients with MI have a large cardiac non- 
mixing volume which appears related to the size of the 
infarct and its penumbra of ischemic myocardium. The 
persistence of a t, >7.5 seconds and presence of a 
cardiac nonmixing volume with a t, of >7.5 are signs 
of medically refractory MI shock requiring circulatory 
support. Of 28 patients with MI shock none survived 
in whom both t, and t,, values were not decreased be- 
low 7.5 seconds by medical or mechanical support 
therapy. Intraaortic double balloon counterpulsation 
was used in 9 MI patients. The 3 patients resuscitated 
from acute MI shock all had reductions in t, and tm. 
The 6 nonsurviving patients did not. With these in- 
dexes it appears possible to quantify the effectiveness 


of medical therapy and the need for mechanical cardiac 
assistance, and to identify those MI patients in whom 
acute myocardial revascularization offers the only 
chance for survival. 


Electrophysiological Correlates of Aberrancy in 
Diseased Hearts 


DONALD H. SINGER, MD, FACC*; ROBERT E. TEN EICK; RA- 
MALINGAIER PARAMESWARAN, Chicago, Illinois 


Conduction disturbances, including aberrancy (Ab), 
seems to be more common in diseased than in normal 
hearts. The causes of increased aberrancy are un- 
certain. Electrophysiologic study of diseased human 
heart muscle provides clues in this regard. Transmem- 
brane potentials were recorded from specimens of hu- 
man papillary muscle with attached Purkinje fibers, 
and left ventricular free wall. Records were obtained 
during stimulation at cycle lengths of 200 to 2,000 
msec and during spontaneous beating. Diastolic po- 
tential was reduced (—45 to —75 mv) due to low resting 
potential or diastolic depolarization of automatic cells. 
Amplitude and maximal rate of rise (Vmax) of action 
potentials (AP) initiated in such cells were low. Vmax 
of AP from left ventricular muscle was less than pre- 
dicted, suggesting reduced responsiveness. Occurrence 
of similar changes in appropriate portions of the 
bundle-branch system (BBS) would predispose to in- 
creased Ab in diseased hearts, as would prolongation of 
the terminal phases of repolarization, which was com- 
monly seen. Finally, findings that very early non- 
propagated premature responses sometimes resulted in 
a striking decrease in the Vmax of the postextrasystolic 
beat suggest that concealed reentry within the BBS 
could be an additional factor underlying increased Ab. 


Experimental Left Ventricular Akinesis 


SIDNEY C. SMITH, Jr., LCDR, MC, USNR, MD*; WILL LLOYD- 
JONES, MD, FRCS; JUAN SERUR, MD; CHARLES W. URSCHEL, 
MD; EDMUND H. SONNENBLICK, MD, FACC; F. HENRY ELLIS, 
Jr., MD, Boston, Massachusetts 


Experimental myocardial infarction resulting in 
chronic left ventricular akinesis was created using a 
2-stage ligation and agar injection of branches of the 
left coronary artery in 8 mongrel dogs. The effects of 
atrial pacing, increased afterload and beta blockade on 
left ventricular (LV) hemodynamics were studied 8 
weeks after infarction. Atrial pacing from 120 to 180 
beats/min caused a striking decrease in LV end-dia- 
stolic pressure (EDP) from 40 + 3 to 14 + 3 mm Hg. 
In the paced state LV end-diastolic volume measured 
cineangiographically decreased, whereas cardiac out- 
put and mean aortic pressure were unchanged. Beta 
blockade at a fixed paced rate increased LV failure with 
a rise in LVEDP of 6 mm Hg and a 20% decrease in 
cardiac output. Angiotensin induced increases in after- 
load at fixed paced rates resulted in similar deteriora- 
tion in LV function with a 12 mm Hg increase in 
LVEDP over resting levels. These studies suggest that 
(1) the postinfarction chronically akinetic LV is de- 
pendent upon catecholamine support, and (2) pacing at 
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high rates in the presence of chronic LV akinesis 
strikingly improves LV function. | 


Changes in Left Ventricular Wall Movement 
Following Exercise, Atrial Pacing and 
Acute Myocardial Infarction Measured by 
Reflected Ultrasound 


CHARLES SMITHEN, MD*; CHRISTOPHER WHARTON, BM, 
MRCP; EDGAR SOWTON, MD, FRCP, FACC, New York, New York 
and London, England 


Movement of the posterior wall of the left ventricle was 
assessed using an ultrasound technique in a variety of 
clinical cireumstances. Maximal posterior wall velocity 
(PWV) was measured as the maximal slope of the wall 
movement from the end-diastolic position to the end- 
systolic position, and posterior wall excursion (PWE) 
was measured as the maximal amplitude of movement 
anteriorly. In 11 normal subjects maximal PWV in- 
creased from a mean of 37 mm/sec at rest to 96 mm/ 
sec after maximal erect exercise (P <0.001), and PWE 
increased from 4.0 mm at rest to 6.8 mm after exercise 
(P «0.001). The effect of heart rate (HR) alone on 
posterior wall movement was evaluated in 6 patients 
using the technique of atrial pacing. Increasing the HR 
resulted in a reduction in both maximal PWV and 
PWE. At identical HR in 5 patients there was a sig- 
nificant increase in both PWV and PWE during ex- 
ercise compared to atrial pacing. In 8 patients with 
documented acute anterior myocardial infarction maxi- 
mal PWV decreased by 26% and PWE decreased by 
46% during the first 36 hours after infarction. In the 
2 patients in whom it was measured an increase in 
pulmonary arterial pressure was associated with a re- 
duction in both PWV and PWE and as the pulmonary 
arterial pressure returned toward normal, the posterior 
wall motion also improved. It is suggested that this 
method provides a noninvasive bedside assessment of 
left ventricular function following acute myocardial 
infarction independent of HR. 


Left Ventricular Function 
and Coronary Anatomy 
Before and After Myocardial Infarction 


DOUGLAS K. STEWART, MD*; GLEN W. HAMILTON, MD; JOHN A. 
MURRAY, MD, FACC; J. W. KENNEDY, MD, Seattle, Washington 


Complete clinical, hemodynamic and angiographic 
studies were performed in 5 patients before and from 
2 to 22 months after myocardial infarction. Four had 
anteroseptal infarctions and 1 an inferior infarction. 
In all cases there was significant progression of coro- 
nary artery disease which correlated with the electro- 
cardiographic area of infarction and the site of left 
ventricular contraction abnormality. Deterioration in 
contraction pattern, end-diastolic and end-systolic ven- 
tricular volumes (EDV, ESV), stroke work (SW) and 
systolic ejection fraction (SEF) were pronounced in 4 
of 5 patients (Table I). The study provided a unique 
opportunity to compare left ventricular function before 
and after infarction by quantitative angiographic 
methods. The data confirm our previous impression 
that angiographic methods are sensitive to changes in 
left ventricular function associated with coronary ar- 
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TABLE I 


.. Data in 5 Cases 


EUNWP VA ia ea Ria 


Case no. 
Index 1 2 3 4 5 
LVEDP 
(mm Hg) 
Pre 12 8 14 EE: 10 
Post 25 12 6 14 5 
EDV (cc/m?) 
Pre 79 83 7 75 66 
Post 123 88 62 120 68 
SV (cc/m?) 
Pre 44 44 35 51 39 
Post 26 38 33 37 29 
SEF (96) 
Pre 51 53 49 67 59 
Post 21 43 53 31 42 
SW (g-m/m?) 
Pre 57 66 63 E. 53 


Post 24 59 64 55 42 


tery disease. Correlation is demonstrated among pro- 


_ gression of coronary arterial obstruction, local contrac- 


tion abnormalities in the area of coronary occlusion, 


. and deterioration in myocardial pump performance. 


Systolic Intervals in Children with Normal and 
Diseased Hearts 


MASATO TAKAHASHI, MD, FACC; DAVID L. MORITZ, BS; Los 
Angeles, Calif. 


The ejection and preejection components of the total 
electromechanical systole have been measured from si- 
multaneously recorded electrocardiogram, heart sounds 
and central arterial pulse, and have been shown by 
other workers to be of value in assessment of left ven- 
tricular performance in adults. In this report, this 
method was extended to children with normal and dis- 
eased hearts. The interval from the onset of QRS to 
the aortic component of the second sound (QS,) was 
taken as the total systole. The left ventricular ejection 
time (ET) was measured on a carotid or axillary pulse 
record. The preejection period (PEP) was computed as 
the difference between the 2 periods. In 50 resting 
normal children, 3 to 20 years of age, PEP was 65 + 13 
msec (mean + SD) and ET was 277 + 23 msec. Since 
ET is heart rate-dependent, it was normalized using 
the regression equation: Ejection time index (ETI) — 
ET + 1.3 HR. ETI in the normal children was 386 + 12 
msec. PEP correlated weakly with age, weight (Cath 
P <0.05), height (P <0.005) and diastolic blood pres- 
sure (P <0.05), but it had no significant correlation 
with the heart rate. PEP and ETI were measured in 
patients with various heart diseases. Prolonged PEP 
and reduced ETI coincided with a clinical impression 
of left ventricular dysfunction. In a small number of 
children who underwent cardiac catheterization, PEP 
showed significant correlation with the peak dp/dt (r 
= 0.75, P <0.005) and the ejection fraction (r = 
—0.95, P <0.0005). 
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lonic Basis of Low Resting Potential in Diseased 
Human Heart 


‘ROBERT E. TEN EICK, PhD*; RAMALINGAER PARAMESWARAN, 
MD; LLOYD E. SOLBERG, MD; DONALD H. SINGER, MD, FACC, 
Chicago, Illinois 


Specimens of atria from patients having chronic atrial 
disease (CAD) are characterized by the presence of 
large numbers of fibers with low levels of resting po- 
tential (E,) (—40 to —60 mv), a condition which pre- 
disposes to conduction defects and reentry. Delineation 
of the ionic basis of the low E, could provide clues to 
the mechanisms responsible for arrhythmia in such pa- 
tients. Low E, could result from: (1) reduced intra- 
cellular potassium concentration [(K+)i]; (2) reduced 
permeability of the cell membrane to K+ (P g+); (3) 
increased permeability of the cell membrane to sodium 
(Pna+)}; (4) other causes. E, of isolated, perfused 
specimens of the right atrial appendage (RAA) was 
measured using standard glass microelectrode methods 
during exposure to graded levels of (K+) in both 150 
and 0 mM Na+ Tyrode solution. The results show that 
E, is not altered by variation of (K+) between 1.8 and 
16 mM in either 150 or 0 mM Na+ Tyrode solution; 
that 0 mv was obtained when Tyrode (K+) was 160 
mM. These findings suggest low E, is not due to either 
reduced (K+), or increased Py,+ but more probably is 
due to reduced P g+. The insensitivity of E, to varia- 
tion of (K+) between 1.8 and 16 mM suggests that the 
conduction abnormalities associated with low levels of 
E. in patients with chronic atrial disease will not be 
influenced by serum K+ levels. These findings also sug- 
gest that 1 approach to raising the level of E, anc im- 
proving conduction in patients with CAD would be to 
increase the rate of electrogenic transport of Nat 
across the cell membrane rather than attempt to in- 
fluence the passive effects of K+ and Na+ on E,. 


Nitrous Oxide as an Analgesic in Acute 
Myocardial Infarction 


PETER L. THOMPSON, MB, MRACP*; BERNARD LOWN, MD, 
FACC, Boston, Massachusetts 


Use of nitrous oxide (N.O) as an analgesic in acute 
myocardial infarction (AMI) was evaluated in a coro- 
nary care unit. A double-blind study compared N,O 
(a mixture of 836% N,O and 64% oxygen) with O, 
(100%). Fifty-two episodes of myocardial infarction 
pain were studied in 40 patients. Gases were adminis- 
tered by face mask for 5 minutes each, the sequence 
being random. N,O-O, was given first in 27 episodes; 
it decreased pain in 13 and abolished it in 7. O, was 
given first in 25 episodes; it decreased pain in 8; with 
subsequent N.O, pain was decreased in 3 and abolished 
in 10. Drowsiness was produced in most patients. Side 
effects were light headedness in 3, necessitating cessa- 
tion of gas inhalation in 1 patient. There were no sig- 
nificant changes in cardiac rhythm, pulse rate or blood 
pressure. Unlike the narcotic agents, N,O does not in- 
duce gastrointestinal upsets or vagotonia. Evaluation 
in an additional 56 episodes of pain in 53 patients de- 
fines a role for N.O as an effective analgesic agent and 
sedative for mild to moderate pain, and as an adjunct 
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to standard analgesic agents in severe, especially re- 
current, pain associated with AMI. 


Sudden Unexpected Death From Coronary Heart 
Disease: Relationship of Specific Risk Factors and 
Pathologic Findings 


JACK L. TITUS, MD*; HERBERT A. OXMAN, MD; FRED T. NO- 
BREGA, MD; DANIEL C. CONNOLLY, MD, FACC, Rochester, Minne- 
sota 


As part of a 25 year study of ischemic heart disease in 
residents of Rochester, Minnesota, the medical records 
and the hearts obtained at autopsy of those who died 
suddenly and unexpectedly from coronary heart disease 
(CHD) were reviewed. Of 286 autopsy cases (83% of 
all such deaths), no risk factors were present in 95. In 
the remaining 191 cases, 73 patients had obesity and 50 
had hypertension as their only risk factor. Severe 
coronary arterial narrowing existed in all but was more 


diffuse in those with hypertension. Coronary thrombi 


were found in 26% of obese patients, 20% of those 
with no risk factor, and 12% of those with hyperten- 
sion. Of the coronary thrombi, 95% were acute in obese 
patients, but only 29% were acute in hypertensive pa- 
tients. Demonstrable myocardial lesions (acute or old) 
were found in 78% of hypertensive patients, 60% of 
obese patients and 52% of those with no risk factor. 
The myocardial lesions were transmural in 38% of hy- 
pertensive patients, 20% of those with no risk factor, 
and 7% of obese patients. Myocardial rupture occurred 
in 18% of patients with hypertension, 4% of those 
with no risk factor and 1% of obese patients. In sud- 
den unexpected death from CHD, the presence of prior 
risk factors was associated with severe morphologic car- 
diac damage. Hypertension was the most significant of 
the risk factors considered. 


Factors Influencing Flow Through Aortocoronary 
Artery Saphenous Vein Bypass Grafts 


HAROLD C. URSCHEL, Jr., MD, FACC*; ROLANDO M. SOLIS, MD; 
ERVIN R. MILLER, MD; MARUF A. RAZZUK, MD; RICHARD E. 
WOOD, MD, Dallas, Texas 


Flow through over 200 saphenous vein bypass grafts 
has been evaluated interoperatively by electromagnetic 
flowmeter and postoperatively by angiography. Al- 
through pressure and resistance determine flow, specific 
factors operate in direct myocardial revascularization 
procedures to influence these basic principles. Assess- 
ment of the peripheral coronary bed with regard to 
adequacy of outflow tract and extent of disease and 
collateral circulation is important. Flow through 1 
vein graft was influenced by placing a second vein 
graft to another major vessel supplying the same vas- 
cular bed. Flow competition between the vein graft 
and the coronary artery (CA) itself may contribute 
to the occlusion of either the graft or the diseased 
CA. Intraoperative vein graft flows to the right CA 
ranged from 50 to 135 cc/min, in the left anterior 
descending CA from 50 to 250 cc/min, and circumflex 
CA from 50 to 180 cc/min. Retrograde flow in the CA 
is of importance in certain situations. Reflux from the 
CA into the vein graft, occasionally into the aorta, can 
be explained by absence of valves in the vein segment 
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and the differential pressure and resistance between — 


the intramyocardial system and the aorta. Operative 
technique, angle of insertion of the vein into the CA, 
size disproportion between vein and CA, and the num- 
ber of vein limbs from a single aortic anastomosis and 
linking of the graft influence flow. Traumatic factors 
during vein preparation may damage intima and con- 
tribute to intimal changes that lead to reduction of 
blood flow. Postcardiotomy syndrome and the attend- 
ing inflammatory processes reduce and often obliterate 
blood flow in the vein graft. Definition and considera- 
tion of these factors is of critical importance in im- 
proving patency rate and providing better clinical re- 
sults. 


Pseudo Type II Atrioventricular Block 


P. JACOB VARGHESE, MD*; ANTHONY N. DAMATO, MD; ROBERT 
N. SCHNITZLER, MD; JOHN J. GALLAGHER, MD; SUN H. LAU, 
MD, Staten Island, New York 


Electrophysiologie studies using His bundle recordings 
have demonstrated that in type II (Mobitz) second de- 
gree atrioventricular (A-V) block, the level of block 
is within the ventricular specialized conducting sys- 
tem (VSCS). Four patients aged 15 to 56 years with 
no history of spontaneous A-V block were studied 
using atrial pacing and His bundle recordings. In each 
patient atrial pacing at a given cycle length resulted 
at times in 2:1 A-V block in which the nonconducted 
atrial impulses were blocked in the VSCS (pseudo type 
II) and at other times in 1:1 A-V conduction. This 
apparent discrepancy was resolved when the effective 
refractory periods (ERP) of the A-V conducting sys- 
tem were determined using the extra stimulus method. 

After the eighth sinus beat (A) a premature atrial 
depolarization (A,) was introduced at progressively 
shorter intervals. The shortest H,-H, at which H, con- 
ducts to the ventricles determined the ERP of the 
VSCS. In each patient the ERP was longer than that of 
the A-V node. This fact combined with an analysis of 
the initiation of the stimulation sequence explained the 
apparent discrepancy. When the first atrial capture 
beat during atrial pacing at a rapid rate resulted in an 
H,-H, interval which was less than the determined 
ERP of the VSCS, a pseudo type II A-V block occurred. 
When the H,-H, interval of the first atrial capture was 
greater than the ERP of VSCS, 1:1 conduction oc- 
curred. The frequent use of atrial pacing and His bun- 
dle recordings makes recognition of pseudo type II 
A-V block important because of the therapeutic impli- 
cations. 


Mechanism of Cardiac Failure in Experimental 
Patent Ductus Arteriosus 


WILLIAM R. VINCENT, MD*; JAMES R. SAKAMOTO, BS; GERALD 
D. BUCKBERG, MD, Los Angeles, California 


Left ventricular (LV) failure and subendocardial 
(Endo) fibrosis may occur in patients with patent duc- 
tus arteriosus and unobstructed coronary arteries. We 
tested the hypothesis that this occurs because Endo 
blood supply becomes inadequate to meet myocardial 
oxygen needs. Variable aortopulmonary shunts were 
made in 10 dogs, and shunt flow, systemic flow and 
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coronary flow (CBF) were measured with electromag- 
netic flowmeters. Subendocardial and subepicardial 
(Epi) flow were measured with radioactive micro- 
spheres. Since LV Endo flow is diastolic, it was esti- 
mated from a diastolic pressure-time index (DPTI) cal- 
culated from the area between the superimposed aortic 
and LV pressure curves. LV myocardial oxygen needs 
were estimated from the tension-time index (TTI). 

Shunts ranging from 500 to 2,500 cc/minute were 
well tolerated when CBF was greater than 65% in 
diastole and the LV was homogeneously perfused 
(Endo: Epi 1:1). Although total CBF increased pro- 
portional to TTI in all experiments, systemic flow de- 
creased and LV end-diastolic pressure increased sig- 
nificantly (P <0.01) when diastolic CBF fell below 65% 
and subendocardial muscle became relatively under- 
perfused (Endo: Epi <0.7:1, P <0.01). These changes 
in myocardial performance were not related to the ab- 
solute shunt flow but to its effect on diastolic pressure 
time relations and myocardial oxygen requirements. 
Relative underperfusion of LV subendocardium oc- 
curred when the ratio DPTI/TTI (supply/demand) fell 
below 0.8 (P <0.01). We conclude that cardiac failure 
associated with patent ductus arteriosus occurs when 
Endo blood fiow is sufficiently altered to make this flow 
inadequate to meet myocardial oxygen needs. These 
changes are predictable from pressure measurements 
alone. 


Incidence and Nature of Arrhythmias in the 
Early Hospital Post-Coronary Care Unit Phase of 
Acute Myocardial Infarction 


L. VISMARA, MD*; J. L. HUGHES, MD; J. BONANNO, MD; RASHID 
A. MASSUMI, MD, FACC; ROBERT F. ZELIS, MD, FACC; DEAN T. 
MASON, MD, FACC; EZRA A. AMSTERDAM, MD, FACC, Davis, 
California 


Although the intensive coronary care unit (CCU) has 
made possible recognition of occult and potentially life- 
threatening arrhythmias in the immediate period fol- 
lowing acute myocardial infarction (AMI), systematic 
investigation of the prevalence and types of serious 
arrhythmias in the early post-CCU hospital period is 
lacking. Accordingly, in 42 patients with AMI, analysis 
of arrhythmias was undertaken in the CCU (2-8 days) 
and on the medical ward during the second week of hos- 
pitalization after discharge from the CCU. During the 
latter period, continuous, taped 10 to 12 hour electro- 
cardiographic (ECG) monitoring was carried out util- 
izing a portable ECG recorder (PECG). In the CCU, 
36 patients (85.7%) had arrhythmias: ventricular ec- 
topic beats (PVC’s), 30 patients (71.4%), of whom 5 
had ventricular (V) tachycardia (T) and 2 had V 
fibrillation; atrial ectopic beats (PAC’s), 8 patients 
(19.0%); junctional (J) rhythm, 11 patients (26.2%); 
advanced or complete atrioventricular block, 5 patients 
(11.9%). Two weeks post-AMI, PECG revealed ar- 
rhythmias in 31 patients (73.8%); PVC, 27 patients 
(64.395) of whom 2 had short runs of VT, 2 had V bi- 
geminy, and 1 had paired PVC’s; PAC’s, 10 patients 
(23.8%); J rhythm, 3 patients (7.1%). Among the 5 
who had no arrhythmias in the CCU, PECG revealed 
arrhythmias in all consisting of PVC’s (3), VT (1), J 
rhythm (2) and PAC’s (1). Late arrhythmias disclosed 
by PECG could not be predicted from rhythm distur- 
bances in the CCU. In contrast to continuous PECG sur- 
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veillance, clinical and routine ECG recording during 
the post-CCU period revealed arrhythmias in only 10 
patients (23.8%). Thus, during the early post-CCU 
period following AMI, as in the CCU, serious cardiac 
arrhythmias occur frequently and may be undetected 
by routine methods. These data indicate the need for 
more intensive arrhythmia monitoring in patients with 
AMI during the intermediate hospital period after dis- 
eharge from the CCU. 


Massive Acute Pulmonary Embolism— 
Deceivingly Nonspecific Manifestations 


NANETTE K. WENGER, MD, FACC*; PAUL D. STEIN, MD; PARK 
W. WILLIS III, MD, FACC, Bethesda, Maryland 


Patients with massive acute pulmonary embolism have 
few signs and symptoms traditionally described for pul- 
monary thromboembolic disease. Thus, dependence on 
evidence of pulmonary infarction often results in fail- 
ure to identify such patients. Ninety of 160 patients in 
the Urokinase Pulmonary Embolism Trial had mas- 
sive pulmonary embolism, demonstrated by pulmonary 
angiography to obstruct at least 2 lobar pulmonary ar- 
teries. 

Dyspnea was present in 80% of these 90 patients, 
apprehension in 61%, and palpitations in 14%. Chest 
discomfert occurred in 80%, but was pleuritic in only 
52%. Hemoptysis occurred in 27%. Most patients had 
a well defined predisposing condition: recent surgery 
or immebilization, congestive heart failure, malig- 
nancy, or use of oral contraceptives. Tachypnea and 
tachycardia were common, 88% and 63%. Increased 
pulmonic component of the second sound was present in 
61%, rales 51%, third or fourth heart sound 47%, 
pleural rub 17%, clinical shock 14% and pericardial 
rub 1%. Twenty-two patients had only 1 of these find- 
ings, and 13 patients had none. Fifty-eight percent of 
patients had no phlebitis on admission. Fifteen percent 
of patients had a normal chest X-ray film. The arterial 
blood pO. was below 70 mm Hg in 56 patients, 71 to 90 
mm Hg in 13, and above 90 mm Hg in 1 patient. Elec- 
trocardiographic RST segment and T wave changes 
occurred in 52% and 42% of patients, respectively, but 
traditional electrocardiographic manifestations of acute 
cor pulmonale were present in only 31%. The clinical 
diagnosis of pulmonary embolism, often massive, must 
be considered in any predisposed patient with sudden 
unexplained dyspnea. 


Surgical Management of Acute Evolving Myocardial 
Infarction: A Coronary Circulatory, Metabolic and 
Angiographic Profile 


LESLIE WIENER, MD, FACC*; HRATCH KASPARIAN, MD; ALBERT 
N. BREST, MD, FACC; JOHN TEMPLETON, MD, Philadelphia, 
Pennsylvania 


Coronary revascularization was applied as the princi- 
pal therapy in 15 patients with acute myocardial in- 
farction. All patients were operated on while acute elec- 
trocardiographic evolution of myocardial infarction 
was in process. In each case, chest pain persisted be- 
yond 48 hours; however, overt shock and intractable 
heart failure were not evident. Thirteen of the 15 sur- 
vived surgery following an average of 2.5 aortocoro- 
nary anastomoses per case. Coronary arteriography, 
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left ventriculography, coronary blood flow, myocardial 
lactate extraction, and coronary sinus: arterial creatine 
phosphokinase (CPK) gradients were studied immedi- 
ately before surgery. Coronary arteriography demon- 
strated 3-vessel obstruction (75096) in 11 of 15. Cor- 
onary blood flow, using a constant antipyrine infusion 
method, showed abnormally low values, averaging 78 
cc/100 g per min + 21 (normal 92-120). Myocardial lac- 
tate production was observed in 13 of 15. Lactate pro- 
duction occurred at rest in 3 and during controlled 
tachycardia (100-120/min) in 10. A coronary sinus: ar- 
terial CPK gradient was observed in all cases. Two to 
7 days after surgery, restudy showed coronary blood 
flow to increase from 78 to 135 cc/100 g per min (P 
«0.01). Myocardial lactate extraction was normal in 
all cases (mean 28.995) despite controlled tachycardia 
at 140/min. Clinical observations (2 weeks-7 months) 
in the 13 survivors showed these patients to be free of 
coronary pain, arrhythmia or heart failure. This study 
suggests that early surgical intervention with coro- 
nary revascularization, when myocardial infarction is 
clinically progressive, may be effective in reducing 
mortality and morbidity by limiting the extent of in- 
farction. 


Indirect Assessment of Coronary Artery 
Bypass Grafts 


JAMES T. WILLERSON, MD*; ELDRED D. MUNDTH, MD; ROBERT 
E. DINSMORE, MD; H. WALKER; MORTIMER J. BUCKLEY,. MD; 
W. GERALD AUSTEN, MD, FACC; GORDON S. MYERS, MD, FACC; 
C.A. SANDERS, MD, Boston, Massachusetts 


Fifty-seven patients (mean age 50 + 1.4 SE) were 
studied before and after coronary artery bypass graft 
surgery (CABG) utilizing indirect techniques. Fifty 
had at least 1 myocardial infarction preoperatively. 
Phonocardiograms, carotid arterial tracings, apex car- 
diograms and electrocardiograms were obtained pre- 
operatively in all and 2 weeks after CABG (49) and 2 
to 4 months after CABG (32). Cardiac catheterization 
and angiographic studies demonstrated significant 
(>70% narrowing) 3-vessel coronary artery disease 
(CAD) in 18, 2-vessel CAD in 35 and 1-vessel CAD in 
9. There was generalized reduction in left ventricular 
(LV) contractility in 8 and marked reduction in 1 or 
more localized areas in 36. Only 1 patient preoperatively 
had significant mitral regurgitation (MR). 

Fourth heart sounds (S4’s) were present preopera- 
tively in 56, 2 weeks after CABG in 47 of 49 studied 
(no significant difference, NS), and 2 to 4 months after 
CABG in 31 of 32 studied (NS). Third heart sounds 
(S3’s) were present in 30 preoperatively, in 30 of 49 
2 weeks post-CABG (NS), and in 20 of 32 at 2-4 
months (NS). In 9 new S3's developed 2 weeks after 
CABG but in 9 the pre-CABG S3’s disappeared. Before 
CABG, 10 had systolic murmurs compatible with but 
not specific for MR, 2 had paradoxically split second 
heart sounds (S2's) at rest, and 37 had early systolic 
sounds suggesting early clicks or split first heart 
sounds, There was no significant change in the inci- 
dence of systolic murmurs, splitting of S2’s or early 
systolic sounds after CABG. 

These studies demonstrate the following: (1) 
CABG’s do not in the relatively early postoperative 
period completely reverse areas of reduced LV compli- 
ance which are responsible for the genesis of S4’s; (2) 
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the influence of CABG is more variable regarding pres- 
ence or absence of S3's, but a few patients acquire new 
S3's in the early post-BABG period; and (3) early sys- 
tolie sounds are relatively common in patients with 
CAD, whereas paradoxical splitting of S2's are uncom- 
mon at rest. Neither changed significantly after CABG. 


Protective Zone for Ventricular Fibrillation 


MARSHALL WOLF, MD*; EDUARDO SEROPPIAN, MD, FACC; 
BERNARD LOWN, MD, FACC; JOHN TEMTE, MD, PhD; ARTHUR 
GARFEIN, MSEE; R. VERRIER, PhD, Boston, Massachusetts 


The ventricular vulnerable period (VP) is a 20 to 40 
msec interval during ventricular repolarization when 
a 0.5 to 1.0 watt sec discharge (S,) can precipitate ven- 
tricular fibrillation (VF). Termination of VF even if 
attempted within seconds requires large energies (50- 
100 watt sec). We have observed that VF produced by 
S, is prevented if a second 0.5-1.0 watt sec pulse (S5), 
is coupled to S}. To be effective, S, must be delivered 
within a critical interval of time following S,, which 
we define as the protective zone (PZ). S, is ineffective 
in preventing VF if delivered before or after the PZ. 
This PZ has been observed in each of 30 mongrel dogs 
with both transthoracic (underdamped capacitor) and 
endocardial (right ventricular unipolar square wave) 
discharges. The PZ begins 10 to 40 msec after the end 
of the VP and has a duration of 25 to 90 msec. The 
duration of the PZ varies inversely with heart rate (60 
to 300 beats/min). For a given heart rate, the time of 
onset of the PZ (inner boundary) is fixed in the cardiac 
cycle and is independent of the location of S, in the 
VP. In contrast, the outer boundary of the PZ main- 
tains a constant relation to S,. It is suggested that the 
PZ reflects the disparity in the duration of repolariza- 
tion of the ventricular myocardium and the specialized 
conducting system, 


Effects of Conditioning on Plasma Catecholamine 
Levels During Exercise in Patients with 
Coronary Artery Disease 


STEVEN WOLFSON*; ANTONIO E. ACOSTA; LESLIE |. ROSE; 
ALFRED F. PARISI; KARL ENGELMAN, San Antonio, Texas, and 
Philadelphia, Pennsylvania 


As an index of adrenergic activity during exercise 
(Ex), arterial plasma catecholamine (Cat) levels were 
measured before and after a program of physical con- 
ditioning (Cond).. All 7 patients studied had a positive 
Ex test, and either angina or a remote myocardial in- 
farction. They were tested on a bicycle ergometer to 
angina or fatigue, and then trained on the bicycle for 
10 to 18 weeks, 3 to 5 days/week. Cat levels were de- 
termined by a double-isotope derivative method. A 
Cond effect, with increased predicted max VO, 
(PMVO,), was seen in 5. During Ex at 400 to 700 
kpm/min, heart rate (HR) decreased from 147.3 + 
6.5 to 126.7 + 6.4 P «0.001, whereas Cat decreased 
from 1.60 + 0.27 to 0.73 + 0.07 „g/liter, P «0.01. The 
2 patients who did not undergo Cond did not man- 
ifest decreased HR, or increased PMVO,, and Cat 
levels were slightly higher after training. At peak 
achieved work load, Cond patients had decreased HR 
and Cat after Cond; patients without Cond showed 
slight increases of each after training. These responses 
were significantly different, P <0.02. However, all pa- 
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tients increased their peak load even if no Cond effect 
was seen. The data suggest that Cond decreased sym- 
pathetic activity during Ex, but this observation seems 


. unrelated to effort tolerance. 


Prevention of Primary Ventricular Fibrillation in 
Acute Myocardial Infarction 


MILFORD G. WYMAN, MD, FACC, San Pedro, California 


The prevention of primary ventricular fibrillation 
(PVF) is the single most important function of the 
coronary care unit. This study documents the preven- 
tion of PVF in 771 consecutive cases of acute myocar- 
dial infarction. In the initial 139 cases (group I) no 


prophylactic intravenously administered lidocaine or 
- procainamide was used. The incidence of PVF in these 


patients was 6% (9 of 189). The average time interval 
from onset of symptoms until hospital admission in 
this group was 9.2 hours. Intravenously administered 
lidocaine was begun prophylactically at this point 
(group II, 632 cases), and treatment was initiated us- 
ing the usual criteria of: (1) 5 premature ventricular 
beats (PVB’s)/min; (2) R on T; (3) bursts; and (4) 
multifocal PVB’s. The prophylactic treatment was then 
modified to begin with 1 PVB, and now all patients with 
suspected myocardial infarction (last 217 cases) re- 
ceive a 75 mg bolus of lidocaine followed by a 2 mg/ 
min drip infusion for 24 hours, If the PVB’s are not 
effectively prevented by a 5 mg/min lidocaine drip 
then 100 mg of procainamide is given intravenously 
over 3 minutes followed by a continuous drip of 2 to 6 
mg/min. The average time interval from onset to hos- 
pitalization in group II was 7.1 hours. Twenty-nine per- 
cent were hospitalized within 1 hour; 59 percent 
within 4 hours. The incidence of PVF in these 632 pa- 
tients receiving prophylactic intravenous therapy was 
0.2% (1 in 632). PVF was therefore reduced from 6% 
(9 of 189) to 0.2% (1 in 632) by use of prophylactic 
intravenously administered lidocaine or procainamide. 


Structural Alterations in Tissue Cardiac Valves 
Implanted in Humans and Cows 


JOHN W. YARBROUGH, MD*; WILLIAM C. ROBERTS, MD, FACC; 
JEFFERSON F. HOLLINGSWORTH, MD; DAVID MELVIN, MD; 
DAVID M. CONKLE, MD; ROBERT L. REIS, MD, Bethesda, Mary- 
land 


Sixteen tissue valves implanted 7 to 240 days (mean 
87) were examined at necropsy in 8 human beings (H) 
and in 7 cows (C): fresh autogenous pericardium in 1 
H and 3 C; fresh autogenous fascia in 1 C; glutaralde- 
hyde-fixed human fascia lata in 2 C; formalin-fixed 
porcine aortic valves in 3 H; and glutaraldehyde-fixed 
porcine aortic valves in 5 H and 1 C. Gross and histo- 
logic examination of the glutaraldehyde-fixed porcine 
aortic valves disclosed that their structure was well 
preserved and showed no foci of necrosis. The sinus 
surfaces of these cusps were covered by 1 or 2 layers 
of mesothelial-like cells which in turn were covered by 
thin layers of fibrin. The cusps were not significantly 
thickened, and each was freely mobile. In contrast, 
the cusps of each of the other 4 types of tissue valves 
were focally necrotic, contained small calcific deposits, 
were thickened by either fibrin deposits or fibrous tis- 
sue, or both, and had decreased mobility; 2 valves had 
superimposed large thrombi. Thus, glutaraldehyde- 


fixed porcine aortic valves were well preserved struc- 
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turàly. In contrast, formalin-fixed heterografts lost 
their cellular structure after similar periods, and fresh 
autogenous tissues thickened and retracted. 


The Association of Vascular Ring and 
Unusual Facial Appearance 


KIMIO YASHIRO, MD*; MITSURU OSANO, MD; TADAO OIKAWA, 
MD; ATSUTOSHI TSUJI, MD; TORU OTA, MD; KAZUAKI KATO, 
MD, Tokyo, Japan 


This report is concerned with the unique syndrome of 
the association of vascular ring and unusual facial ap- 
pearance. From 1964 through 1970, 11 patients with 
vascular ring between the ages of 7 days and 9 months 
were seen. Seven of these 11 patients demonstrated sig- 
nificant mental retardation. Among these seven men- 
tally retarded infants, 4 had unusual facial appearance 
and low-set ears. Coloboma, facial paresis and choanal 
stenosis were revealed in 3 of these 4 infants. Three 
symptomatic infants underwent surgery to release the 
vascular compression. However, 2 died with respiratory 
failure after surgery in spite of the release from vas- 
cular ring. Our experience suggests that choanal ste- 
nosis and retaining oral secretions due to mental re- 
tardation may play an important role in the respiratory 
problem of these cases. Since the surgical outcome of 
the vascular ring would not necessarily be favorable 
when associated with those abnormalities, the surgical 
indications should be carefully considered. Cayler 
(1967) demonstrated the association of facial paresis 
and intracardiac abnormalities as the facio-cardiac syn- 
drome. However, no mention was made of the associa- 
tion with vascular ring. The high incidence of unusual 
facial appearance with vascular ring in our cases would 
suggest that facio-vascular ring syndrome is a devel- 
opmental abnormality. 


Exercise-induced Ventricular Irritability: 
Hemodynamic and Angiographic Correlations 


BARRY L. ZARET, MD; CHARLES RICHARD CONTI, Jr., MD, 
FACC, Baltimore, Maryland 


Exercise-induced ventricular irritability (EIVI) may 
be of value in identifying patients at risk of sudden 
death. Thirty-two patients experienced EIVI during 
submaximal exercise testing. EIVI was always tran- 
sient and was manifest as ventricular tachycardia (5), 
bigeminy (2), coupled ectopic beats (8), multiple ec- 
topic beats (6), and accelerated ventricular rhythm (1). 
Pacing tachycardia induced ventricular irritability in 
only 1 of 18 tests in this group. 

Coronary atherosclerosis (CAS) was present in 23 
of the 32 patients (72%). Eighteen of these 23 experi- 
enced ischemic electroeardiographic changes with ex- 
ercise. Coronary arteriography revealed diffuse disease, 
with only 1 patient having single vessel involvement. 
Each of the 3 major arteries was graded 0 (no disease) 
to 5 (total obstruction), and the average summed ar- 
teriographic score was 10.3. Collateral circulation was 
present in 74% and ventricular asynergy in 70%. Av- 
erage ejection fraction (EF) was 55% and average 
left ventricular end-diastolic pressure (LVEDP) was 
12 mm Hg. 

These data were compared with observations in a 
group of patients who did not experience EIVI but 
were similar with respect to age and the presence of 
CAS. There was a significantly higher incidence of 
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multiple vessel disease in patients with EIVI (96% 
vs. 70%, P = 0.02). Differences in mean arterio- 
graphic score, EF, LVEDP, presence of collaterals and 
asynergy were not significant. Thus transient ventricu- 
lar irritability induced by exercise in patients with 
CAS is indicative of severe double or triple vessel ob- 
structive coronary disease. 


Beat to Beat Alterations in Contractile State as the 
Mechanism of Spontaneous Pulsus Alternans in Man 


ROBERT F. ZELIS, MD, FACC*; ROBERT J. CAPONE, MD; EZRA A. 
AMSTERDAM, MD, FACC; DEAN T. MASON, MD, FACC, Davis, 
California 


Although pulsus alternans is well recognized as a mani- 
festation of severe myocardial disease it is not clear 
whether this results from beat to beat variations in left 
ventricular (LV) filling pressure or LV inotropic state. 
Thus, in 4 patients with spontaneous pulsus alternans 
secondary to severe aortic stenosis or cardiomyopathy, 
at the time of diagnostic left heart catheterization, 
high-fidelity LV pressure (LVP) and its first deriva- 
tive (dp/dt) were measured. Pressure-velocity curves 
were constructed from which contractile element ve- 
locity (VCE) at 0 LVP (Vmax) was determined. (VCE 
= dp/dt/32:developed LVP.) The peak LVP of the 
high beats (H) was 192.3 mm Hg compared to 179.4 
for the low beats (L) (P <0.01). LV end-diastolic pres- 
sure was 32.0 mm Hg for H and 32.2 (P 0.5) for L, 
suggesting that the Frank-Starling mechanism can- 
not explain the variable peak LVP. Rather, the finding 
that Vmax was 1.06 for H and 0.99 for L (P <0.05) 
suggests that a beat to beat variation in inotropic state 
independent of the preceding R-R interval (H 606.7 
msec, L 607.5 msec, P 70.5) is responsible for the al- 
ternating peak systolic left ventricular pressure in 
pulsus alternans in man. 
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Summation and Voltage Dependency in 
Rabbit A-V Nodal Fibers 


DOUGLAS P. ZIPES, MD*; CARLOS MENDEZ, MD; GORDON K. 
MOE, MD, PhD, Utica, New York 


This study demonstrates summation in the rabbit A-V 
node (A-VN) and dependency of the nodal action po- 
tential rise time (dv/dt) on the resting membrane po- 
tential. We produced summation in 2 ways. First, we 
divided the atrium and the floor of the coronary sinus 
to establish 2 noncontiguous, anatomically separate 
atrial inputs to the A-VN. Conduction to His occurred 
when both sides of the atrium were stimulated together 
at premature cycle lengths which produced local re- 
sponses in the N region when stimulating either side 
singly. Second, with the atrium undivided, we stimu- 
lated the atrium and His bundle together, at intervals 
which allowed the simultaneous arrival of the advanc- 
ing wavefronts at the impaled N cell. This collision re- 
sulted in an N action potential which occurred slightly 
earlier and had an increased dv/dt and amplitude, sug- 
gesting that nodal cells, as other cardiac cells, are volt- 
age-dependent. Further evidence was provided by the 
influence of the N region on nodal action potential con- 
tours according to the direction of propagation. Dur- 
ing orthograde conduction, cells close to N in the AN 
region have a larger dv/dt and cells in the NH region 
have a smaller dv/dt, than these same cells have during 
retrograde conduction. Since dv/dt affects conduction 
velocity, faster conduction occurs in the proximal por- 
tion and slower conduction in the distal portion of the 
A-VN during orthograde conduction, while the re- 
verse happens during retrograde conduction. This bal- 
ance accounts for similar total A/VN orthograde and 
retrograde conduction times in the rabbit. 
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INDERAL (propranolol hydrochloride) 
is the first beta-adrenergic blocking 
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tachyarrhythmias associated 
with anesthesia (in selected 
cases ) 


ventricular tachycardias 
(when conversion technics 
are not available) 


also recommended in the 
management of 
hypertrophic subaortic 
stenosis 
pheochromocytoma 


Ayerst. 


See following page for prescribing information. 


Inderal 


(propranolol hydrochloride) 


BRIEF SUMMARY 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH 


THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic 
rhinitis during the pollen season; 3) sinus bradycardia and greater 
than second degree or total heart block; 4) cardiogenic shock; 
5) right ventricular failure secondary to pulmonary hypertension ; 
6) congestive heart failure (seeunder WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL, i.e. 
some patients with congestive failure exhibiting rapid heart rates 
due to a strong sympathetic component, with inadequate response to 
maximum doses of digitalis and diuretic, may be improved by the 
cautious addition of INDERAL to the treatment regimen; 7) in 
patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augment- 
ing psychotropic drugs (including MAO inhibitors), and during the 
two week withdrawal period from such drugs. 


WARNINGS 


CARDIAC FAILURE: Sympathetic stimulation is a significant com- 
ponent in supporting circulatory function in congestive heart failure, 
and inhibition with beta-blockade always carries the potential hazard 
of further depressing myocardial contractility and precipitating 
cardiac failure. 

In frank or incipient congestive failure, therefore, treatment with 
INDERAL should be carried out cautiously and preferably under the 
protective cover of concurrent digitalization. INDERAL acts selec- 
tively without abolishing the inotropic action of digitalis on the heart 
muscle (z.e. that of supporting the strength of myocardial con- 
tractions). 

In patients without a history of cardiac failure, continued depression 
of the myocardium over a period of time can, in some cases, lead to 
cardiac failure. In rare instances, this has been observed during 
INDERAL therapy. Therefore, at the first sign or symptom of im- 
pending cardiac failure, patients should be fully digitalized, and the 
response observed closely: (a) if cardiac failure continues to pro- 
gress, INDERAL therapy must be immediately withdrawn; (b) 
however, if tachyarrhythmia is being controlled, patients should be 
maintained on combined dosage and the patient closely followed 
until threat of cardiac failure is over. 

PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be ex- 
ercised in the administration of INDERAL to patients subject to 
spontaneous hypoglycemia or to diabetics (especially labile dia- 
betics) receiving insulin or oral hypoglycemic agents. Because of its 
beta-adrenergic blocking activity, INDERAL may prevent the ap- 
pearance ef premonitory signs and symptoms (pulse rate and pulse 
pressure changes) of acute hypoglycemia. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS 
Patients receiving catecholamine depleting drugs such as reserpine 
should be closely observed when INDERAL is introduced into the 
treatment regimen. The added catecholamine blocking action of this 
drug may then produce an excessive reduction of the resting sym- 
pathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL may pro- 
duce hypotension and/or marked bradycardia resulting in vertigo, 
syncopal attacks, or orthostatic hypotension. 


AYERST LABORATORIES 
New York, N.Y. 10017 





As with any new drug given over prolonged periods, laboratory pa- 
rameters should be observed at regular intervals. The drug should be 
used with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 


In the majority of patients INDERAL (propranolol hydrochloride) 
is well tolerated, and side effects have been transient in nature, 
rarely necessitating withdrawal of therapy. Nausea, vomiting, light- 
headedness, mild diarrhea, constipation, and mental depression 
(manifested by insomnia, lassitude, weakness, and fatigue) have 
been observed during the course of clinical investigation. One case 
of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of 
erythematous rash, paresthesia of the hands, fever combined with 
aching and sore throat, visual disturbances, and hallucinations have 
also been reported. Rarely, respiratory distress and laryngospasm 
have been reported following intravenous administration. 

Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result 
of therapy. Similarly, elevated serum transaminase levels have occa- 
sionally been observed, but in no case was there any clinical or other 
laboratory evidence of hepatic dysfunction. One case of nonthrombo- 
eytopenic purpura and one case of thrombocytopenic purpura have 
been reported from abroad in patients who were receiving other 
drugs in addition to INDERAL. Three instances of reversible alo- 
pecia coincident with INDERAL administration have been reported; 
relationship to the drug has not been established, 


DOSAGE AND ADMINISTRATION 


The oral route of administration is preferred. 


ORAL 


Arrhythmias—10-30 mg. three or four times daily, before meals 
and at bedtime. 

Hypertrophic Subaortic Stenosis—20-40 mg. three or four times 
daily, before meals and at bedtime. 

Pheochromocytoma— Preoperatively—60 mg. daily in divided 
doses for three days prior to surgery, concomitantly with 
an alpha-adrenergic blocking agent.—Management of inop- 
erable tumor—30 mg. daily in divided doses. 

INTRAVENOUS 

The usual dose is from 1-3 mg. administered under ECG mon- 

itoring. The rate of administration should not exceed 1 mg. 

(1 cc.) per minute. Sufficient time should be allowed to enable 

a slow circulation to carry the drug to the site of action. Once 

an alteration in rate of rhythm is recorded, it is advisable to 

give no further INDERAL until the full effect is observed. 

Depending on the response, a second dose may be repeated 

after two minutes. Additional medication should not be given 

in less than four hours. Therapy with oral dosage is advisable 
as soon as possible. 

NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. 

should be administered intravenously. 


SUPPLIED 
INDERAL® (propranolol hydrochloride ) 


TABLETS—No. 461—Each tablet contains 10 mg. of propranolol 
hydrochloride, in bottles of 100 and 1,000. 
—No. 464—Each tablet contains 40 mg. of propranolol 
hydrochloride, in bottles of 100 and 1,000. 
INJECTABLE- No. 3265—Each cc. contains 1 mg. of propranolol 
hydrochloride in Water for Injection. The 
pH is adjusted with citric acid. 
Supplied as: 1 cc. ampuls—Boxes of 10. 


INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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The Minnesota Impedance Cardiograph 


A NONINVASIVE SYSTEM TO MONITOR CARDIOVASCULAR PARAMETERS 


em E : E taal 7 | Simple to Operate 


Trouble Free 
All Solid State 


Zo we IMPEDANCE 


Low Leakage Curren 
to Ground for 
Patient Safety 





dz /dt CALIBRATION 






CONSTANT 
CURRENT 
OSCILLATOR 


100 KHz 


PHONOCARDIOGRAM 


Me [n  Ne—Á—— eMe 


Z, — Total impedance between leads 2 and 3 
AZ — Impedance Change during Cardiac Cycle 
dZ/dt — First time derivative of AZ 

ECG signal from leads 1 and 4 
Phonocardiogram with two frequency bands 

T — Ventricular Ejection time 


APPLICATIONS 


l. Z, for detection of pulmonary edema or 
changes in total thoracic fluid volume 


ll. AZ, dZ/dt and ECG to monitor mechanical 


and electrical cardiac parameters 
ia 


Ill. A safe and rapid means to observe 
peripheral circulation 


—————— rà NE 
MICRON INSTRUMENTS INC. 


1519 Pontius Ave., Los Angeles, California 90025 Telephone (213) 478-05 








į the 
elements 


f 
ital 


d 


CCISION 


The elements entering the decision-making process in selection of a heart valve prosthesis 


are crucial. So it is with the design elements of the valve selected. 


Arriving at the desired objective of valve design sophistication, within the limits of present 


knowledge, involves skillful judgment of both the clinician and the design engineer. 
The Beall mitral valve prosthesis is representative of that skill. 

All the elements of the Beall valve are clearly the result of ‘Total’ Concept Design... 

a combination of configuration, materials, and dimensions assembled to deliver, within 
given limitations, the most valve prosthesis advantage with reduced adverse 


physiologic effect.!.2,3,4,5.6 


Artificial Organs Division Specialists welcome the opportunity to show you the Beall 
mitral valve and to review supporting data. Your inquiry will receive immediate attention. 


REFERENCES: 

1Cooley, D.A., Bloodwell, R.D., Okies, J.E., et al. Long- 
term results after cardiac valve replacement: clinical ex- 
perience with 2,097 patients. Prosthetic Heart Valves. 
Proceedings of the Second National Conference on Pros- 
thetic Heart Valves, 1969, ed. by Lyman A. Brewer Ill, 
M.D. pp. 530-39. 

2Beall, A.C., Jr., Bloodwell, R.D., Arbegast, N.R., et al. 
Mitral valve replacement with Dacron-covered disk pros- 
thesis to prevent thromboembolism: clinical experience 
in 202 cases. Prosthetic Heart Valves. Proceedings of the 
Second National! Conference on Prosthetic Heart Valves, 
1969, ed. by Lyman A. Brewer III, M.D. pp. 319-28. 

3Beall, A.C., Jr., Bricker, D.L. and Messmer, B.J. Results 


"Be sure to visit our Artificial Organs Division 
Booth (Numbers 196, 197 and 198) during the 
American College of Cardiology Convention,” 


of mitral valve replacement with Dacron velour-covered 
Teflon-disc prosthesis. Am. Thorac. Surg. 9:195-202, 1970. 
^Blount, S. G., Jr. Results of 145 mitral valve implants at 
Colorado General Hospital, University of Colorado Med- 
ical Center. Presented before Amer. Coll. Cardiol. Pro- 
gram titled "Long Term Prognosis Following Valve Re- 
placement," Aspen, Colo., Jan. 10-12, 1971. 

5Vogel, J.H.K. Results from Colorado General Hospital, 
University of Colorado Medical Center. Presented before 
Amer. Coll. Cardiol. Program titled “Long Term Prognosis 
Following Valve Replacement," Aspen, Colo., Jan. 10-12, 
1971. 

5Vogel, J.H.K., Paton, B.C., Overy, H.R., et al. Advantages 
of the Beall valve prosthesis. Chest 59:249-53, 1971. 
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ARTIFICIAL ORGANS DIVISION 


TRAVENOL LABORATORIES, INC. 
Morton Grove, Illinois, U.S.A. 60053 





Next month, this space 
will focus on something 
new and exciting 
from Physio-Control 


Or, you can see it for yourself by visiting 

the Physio-Control exhibit, Island V, 

Annual Meeting of The American College of Cardiology, 
March 2-4, The Conrad Hilton Hotel, Chicago, III. 





Di lose Plus h: sno 


(dioctyl sodium sulfosuccinate and sodium carboxymethyicellulose plus casanthranol) 


Andnopitfalls,either,inthe management 

of the constipated cardiac patient. 

Because Dialose Plus is more consis- 
tently reliable than the old-fash- 
ioned constipation remedy. 

To lessen the strain of constipation, 
it provides the effective yet 
gentle peristalsis stimulation of 
casanthranol. 





pits... 





And Dialose Plus softens and lubricates, 
too...for easier, less painful 
defecation. 

Also available: Dialose" (dioctyl sodium 
sulfosuccinate and sodium car- 
boxymethylcellulose) —for ef- 
fective stool softening and 
lubrication, when peristalsis 
stimulation is not required. 


STUART PHARMACEUTICALS | Pasadena, Calif.91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
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The negative power of clinically significant anxiety... 


‘This man thin 
quarrel may 





For the hypertensive patient, severe 
symptoms may be intensified 

and aggravated by emotional 
overreaction to stress. Acutely aware 
of the adverse impact his emotions 
may have on the course of his life, 
the hypertensive patient's anxieties 


may beincreased. 


Adjunctive use of Libritabs may 
be of significant value in reducing 
excessive anxiety, which can induce 
adverse biochemical and 
physiological changes related to 

the vascular system and, by so 
doing, jeopardize management 

of the disease itself. 


Libritabs (chlordiazepoxide) is 
used concomitantly 

with certain specific medications 

of other classes of drugs, such as 
cardiac glycosides, diuretics and 
antihypertensive agents, whenever 
anxiety is a significant component 
of the clinical profile. 


Libritabs is especially well 
suited for extended use 
because of its wide margin of 
safety. In general use, the most 
common side effects reported have 
been drowsiness, ataxia and 
confusion, particularly in the 
elderly and debilitated. (See sum- 
mary of prescribing information.) 
Moreover, the antianxiety benefits 
of Libritabs are generally 
maintained without diminution of 
effect or need for increase in dosage. 
When treatment is prolonged, 
periodic blood counts and liver 
function tests are advisable. 


Division of Hoffmann-La Roche Inc. 


Roche Laboratories 
Nutley, N.J. 07110 


Libritabs (chlordiazepoxide) 
permits flexible,individual- 
ized therapy 

through its three oral dosage 
strengths. 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 


Indications: Indicated when anxiety, 
tension and apprehension are significant 
components of the clinical profile. 


Contraindications: Patients with known 
hypersensitivity to the drug. 


Warnings: Caution patients about possible 
combined effects with alcohol and other 
CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous 
occupations requiring complete mental 
alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in 
administering to addiction-prone 
individuals or those who might increase 
dosage; withdrawal symptoms (including 
convulsions), following discontinuation of 
the drug and similar to those seen with 
barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in 
women of childbearing age requires that its 
potential benefits be weighed against its 
possible hazards. 

Precautions: In the elderly and 
debilitated, and in children over six, limit 
to smallest effective dosage (initially 

10 mg or less per day) to preclude ataxia 

or oversedation, increasing gradually 

as needed and tolerated. Not recommended 
in children under six. Though generally 

not recommended, if combination therapy 
with other psychotropics seems indicated, 
carefully consider individual pharmaco- 


logic effects, particularly in use of potenti- 
ating drugs such as MAO inhibitors 

and phenothiazines. Observe usual precau- 
tions in presence of impaired renal or 
hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive 
children. Employ usual precautions in 
treatment of anxiety states with evidence 
of impending depression; suicidal 
tendencies may be present and protective 
measures necessary. Variable effects on 
blood coagulation have been reported very 
rarely in patients receiving the drug 

and oral anticoagulants; causal relationship 
has not been established clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in 
the elderly and debilitated. These are 
reversible in most instances by proper 
dosage adjustment, but are also occasion- 
ally observed at the lower dosage ranges. 
In a few instances, syncope has been 
reported. Also encountered are isolated 
instances of skin eruptions, edema, minor 
menstrual irregularities, nausea and 
constipation, extrapyramidal symptoms, 
increased and decreased libido—all 
infrequent and generally controlled with 
dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; 

blood dyscrasias (including agranulocy- 
tosis), jaundice and hepatic dysfunction 
have been reported occasionally, making 
periodic blood counts and liver function 
tests advisable during protracted therapy. 


To relieve - 
excessive anxiety 


in hypertensive patients 


adjunctive 


Libritabs: 


(chlordiazepoxide) 


5-mg, 10-mg, 25-mg table 


t.i.d q.i.d. 
up tol00 mg daily 
for severe anxiety 


A New Concept in 
Drug Reference Help 


This newest edition (eleventh) is the most comprehensive and easy-to-use we 
have ever published in the series of this prestigious, standard work 
refleetion of 34 years experience in publishing drug information. 


Single-entity drugs in current use are listed alphabetically by generie name in the 
General Text. Combination drugs are listed by Brand Name. Immediately pre- 
ceding each drug monograph are listed the Brand-Name Cross-References. Each 


monegraph includes Chemical Name... Description . . . Indieations . . . Contra- 
indications ... Precautions ... Warnings .. . Adverse Reactions .. . Dosage and 
Administration ... Brand-Name of Drug . . . Manufacturer. 


Another innovation is the collation into separate chapters of such similarly-acting 


drugs as The Adrenal Corticosteroids . 
. Phenothiazines . 


...Insulins... Penieillins . . 
Thiazide Diureties. 





a direet 





Mir 
“ 
1. 
S 
S 
Š 
N 


Y ona 77777 


.. Erythromycins . . . Fluoride- Vitamins 
.. Antibacterial Sulfonamides . . 


The MODERN DRUG ENCYCLOPEDIA also provides a completely up-to- 
date Therapeutic Index and a Manufacturers’ Index. 


The MODERN DRUG ENCYCLOPEDIA and THERAPEUTIC INDEX is 
never obsolete. At no extra cost, you receive for a period of two years—as a 


supplement to the Encyclopedia 





the unique reporting service, MODERN 


DRUGS, that tells everything you want to know about new drugs and new 
dosage forms of drugs listed in the Encyclopedia. 


Physician edited for medical accuracy, it embodies the high publishing standards 
of The YORKE MEDICAL GROUP. The organization of material in the Ency- 
clopedia provides an entirely new concept in a drug reference service for the 
practicing internist, cardiologist and surgeon. 


The Encyclopedia, attractively bound in a hard cover, contains 788 pages, and 


measures 6 X 9 inches. 


MODERN DRUG 
ENCYCLOPEDIA 


466 Lexington Avenue, 
New York, N.Y. 10017 


A Publication of 

THE YORKE 

MEDICAL GROUP / 

THE REUBEN H. DONNELLEY 
CORPORATION 


USE THIS FORM TO ORDER YOUR COPY 
Please ship a copy of the new (11th) edition of MODERN DRUG EN- 


CYCLOPEDIA AND THERAPEUTIC INDEX. I will receive without extra 
cost the two year supplementary service MODERN DRUGS. Remittance of 








$26.00* is enclosed. (Thank you) 

Name 

Address 

City State Zip Code 


My Specialty ——— ——————— n u a i mM 
*You save shipping cost by remitting now. AJC 
For delivery in New York State please add appropriate sales tax. In New York City 796 


(FOREIGN PRICE $35.00 PLUS $50 SHIPPING CHARGE. 
PLEASE REMIT IN US. FUNDS.) 








Whether you're monitoring an ECG or checking 
cardiac output, a Brush display system won't give 
you any mistakes. 

Highest system accuracy is obtained by an 
engineered combination of transducers, preamps 
and recorders... with a system resolution to 1 
microvolt. 

And because the Brush biomedical system pro- 
vides 9977 95 linearity with rectilinear traces that are 
always clear, crisp and smudgeproof. 

All Brush recording instruments have position 





When things are happening fast, 
you don't have time for mistakes. 





servo loop feedback to enforce pen positioning 
across a 40 or 80mm chart. And exclusive pressur- 
ized ink writing is available from 1 to 8 channels 
with pushbutton selectable chart speeds. Recorders 
which are portable, cart or rack mounted. 

You can rely on Brush when you don't have time 
for mistakes. We provide complete systems respon- 
sibility. And country-wide application/service 
support. Write for our 36 page catalog. Gould Inc., 
Instrument Systems Division, 3631 Perkins Avenue, 
Cleveland, Ohio 44114. 





BRUSH INSTRUMENTS 
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CARDIOVASCULAR 
THERAPY 


Russek and. Zohman 


Designed to provide a blend of precise scientifie knowl- 
edge with mature clinical judgment, this book focuses 
on the proper therapeutic applications of cardiovascu- 
lar drugs and rational management of a variety of 
clinical disorders. It will be of great importance to the 
clinician who wants to fulfill his major funetion of 
alleviating the impact of illness on his patients. This 
book represents the edited proceedings of the American 
College of Cardiology—St. Barnabas Hospital Sym- 
posium on “The Art and Science of Cardiovascular 
Therapy". 


1971/approx. 480 pp./140 figs./ $24.00 


PRINCIPLES OF 


CARDIAC ARRHYTHMIAS 


Chung 


The purpose of this textbook is to review extensively 
and in depth every known type of abnormal impulse 
formation and conduction in the human heart. À whole 
new body of information emerges with this penetrating 
study of the principles and treatment of cardiac ar- 
rhythmias commonly encountered in clinical practice. 
Extremely useful to practitioners, this book empha- 
sizes a therapeutic approach not common to other 
books on this subject. 


1971/approx. 550 pp./500 figs./$24.75 


THE WILLIAMS & WILKINS COMPANY 


428 E. PRESTON STREET 
BALTIMORE, MARYLAND 21202 


ON IHE HEART 


Edited by Henry I. Russek, 
M.D., Visiting Professor in 
Cardiovascular Disease, Hahne- 
mann Medical College and Hos- 
pital, Philadelphia, and Senior 
Attending Cardiologist, St. 
Barnabas Hospital, New York; 
and Burton D. Zohman, M.D., 
Clinical Professor of Medicine, 
State University of New York 
Downstate Medical Center Col- 
lege of Medicine, Brooklyn, and 
Senior Attending Cardiologist, 
St. Barnabas Hospital, New 
York. 


By Edward K. Chung, M.D., 
Professor of Medicine and 
Director of  Electrocardio- 
graphic Laboratory, West 
Virginia University School of 
Medicine. 





portable! self-contained! dependable! 


INSTANT OXYGEN WITHOUT OXYGEN STORAGE 


Developed by Scott Research first for the U.S. Nuclear Sub 
Fleet, then for jet aircraft, Solid State Oxygen Generators are 
now available for medical use in the Med-Ox Duo-Pak, a 
completely self-contained, portable system. 


Advanced Concept — The Med-Ox Solid State system produces 
oxygen by a controlled chemical reaction which occurs when 
actuating one or both of its Generators. Each of the two 
Generators in the Duo-Pak dispenser is capable of delivering a 
continuous flow of 3 liters per minute for approx. one half 
hour. Generators may be actuated either in sequence, to provide 
3 LPM for approx. one hour, or simultaneously, if needed, to 
provide 6 LPM for approx. one half-hour duration. 






























Med-Ox is to be used in those conditions where oxygen therapy 
is part of the patient's therapeutic regimen. 


Dependable — Safer — Solid State safety means there is no 
storage of liquid or gaseous oxygen under pressure. Hence, 
there is no danger of leakage, no pressure to dissipate, and no 
need to recharge or transfer oxygen with attendant risk of 
flammability. Med-Ox Generators have an extended shelf life A 
and are warranted for 3 years. Empty Generators are disposable. 


Convenient — Completely portable and equipped with a 
comfortable shoulder strap, the Med-Ox Duo-Pak weighs only - 
7⁄2 pounds complete with two Generators. The Generators 
are available in a handy six-pack carton. 


Ideal Patient's Unit — The modest cost of the Duo-Pak 
and replacement Generators, extreme reliability, and 
easy operation make Med-Ox ideal for the regular 0 
oxygen user or the recuperating outpatient who needs ! 
a convenient source of oxygen. 


FULL INSTRUCTIONS FOR USE ARE IN THE 
MED-OX INSTRUCTION MANUAL 
ACCOMPANYING EACH DUO-PAK. 


Long known and highly regarded in the 
firefighting, aerospace and industrial safety 
fields, Scott life-support and safety products 
can be recommended with complete confidence. 
Mail this coupon today for complete product 
data and the name of your nearest Med-Ox 
distributor. 
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| ATO 
SCOTT AVIATION 
A Division of A-T-O Inc. 
Lancaster, N. Y. 14086 






AJC 2/72 Date: 
Please send complete data on the Med-Ox 
Solid State Oxygen System, plus the name 

and address of your nearest distributor. 
Nadie: Eph edet omitti as T RN 


Affiliation: 





Address: 
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Medical Products, Scott Aviation, A Division of A-T-O Inc., Lancaster, N.Y. 14086 
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with HEAITH TECH Automated Sad 


REMOTE TERMINALS (Model HT 100) 


HEALTH TECH automatic telephone transceiver terminals may be configured as 
ultramodern self-contained single or multichannel ECG machines or they may 
work in association with existing ECG machines and reduce new equipment costs 
by 50% or more. 


OFFICE TERMINALS (Model CT 172) 


HEALTH TECH central receiving terminals provide for highly efficient, unmanned, 
24-hour ECG data collection and electronic record storage and retrieval. Inter- 
pretation of accumulated ECG's may be performed periodically at your conven- 
ience and reported automatically by inexpensive remote teleprinters. 


COMPUTER COMPATIBILITY 


HEALTH TECH systems form the basis for future expansion into computer ECG 
processing but may be efficiently employed quite independently of computers 
if desired. 


For further information plus our free 
41 page booklet "AUTOMATED ECG 
SYSTEMS" call or write Robert A. 
Stratbucker, M.D. Pres. 


See us at booth 285 in Chicago. 
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HEALTH TECH 


Health Technology Labs, Inc. 
West Dodge Medical Bldg. 
8300 Dodge Street 
Omaha, Nebraska 68114 


Letters to the Editor 





Intracoronary Balloon—A New Model for Induction 
of Myocardial Ischemia* 


TO THE EDITOR: At the present time there is seri- 
ous criticism of all techniques employed for the induc- 
tion of experimental coronary occlusion. We attempted 
to develop a new model for selectively occluding a spe- 
cific coronary artery in the animal with a closed chest. 
Our new technique enables us to simulate the clinical 
condition of partial or complete localized occlusion of 
a specific coronary artery or its branches which can be 
terminated at will. Such a model provides a meaningful 
method for studying the function, metabolism and via- 
bility of an ischemic myocardium. It also permits a 
comprehensive technique for the study of cardiac ar- 
rhythmias during ischemia. 

The following is a brief description of the new tech- 
nique which we have developed to produce localized 
reversible coronary occlusion in the dog. 

1. Selective coronary angiography is performed by 
introducing a pre-shaped thin wall no. 7F Teflon? can- 
nula by way of the carotid artery into the left or right 
coronary artery. Cineangiograms or spot films are 
taken by injecting a 75 percent Hypaque® solution to 
delineate the coronary vasculature. Based on these spot 
films a specific branch of a vessel is selected for occlu- 
sion. 

2. A no. 2 or 3F (0.8 to 1.0 mm outer diameter) 
catheter that as a balloon at the tip is threaded 
through the lumen of the angiographic cannula and ad- 
vanced under fluoroscopic control into the desired lo- 
cation within the chosen coronary artery. Its passage 
into specific branches is facilitated by inserting a stylet 
which stiffens the catheter. Once the balloon catheter 
is in place the cannula is then withdrawn from the 
coronary ostium. The balloon catheter has a metallic 


tip which permits radiologic visualization of the bal- 


loon location. This tip also acts as an electrode to re- 
cord the electrocardiographic potentials or as a pace- 
maker. 

3. The balloon is partially or totally inflated to the 
dimensions of the artery by injecting 50 percent Hy- 
paque (0.03 to 0.08 ml), after which the balloon cathe- 
ter is sealed off. The balloon can be kept in its expanded 
state without leakage. Repeat coronary angiograms are 
immediately made to confirm the location of partial or 
complete occlusion of the coronary artery. 

4. Ischemia induced by inflating the balloon can be 
subsequently reversed by deflation to reperfuse the 
ischemic myocardium, | 

5. A second lumen in the center of the catheter pro- 
vides communiéation with the occluded region of the 
coronary artery for measurement of retrograde coro- 
nary arterial pressures, blood sampling from, and injec- 
tion of pharmacologic agents into the artery distal to 
the point of occlusion. 

Preliminary results: To date, the intracoronary 
balloon technique has been employed in 20 dogs to in- 


*This study was supported by National Institutes of Health Contract 
Ae 43-68-1333 from the National Heart and Lung Institute, Bethesda, 
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Figures 1 to 5. Coronary an- 
giograms. 


duce occlusion. No difficulty was experienced in insert- 
ing and locally positioning the balloon to provide oc- 
clusion of any of the three main coronary arteries as 
well as their branches. 

Figure 1 is a coronary angiogram obtained to visual- 
ize the left anterior descending (LAD) and circumflex 
(LCF) arteries. Figures 2 and 3 are angiograms ob- 
tained after occlusion (arrow) of 2 different branches 
of the LAD. Figure 4 shows occlusion of the main left 
anterior descending artery and Figure 5 of the left cir- 
cumflex artery. 


Eliot Corday, MD, FACC 
Tzu-Wang Lang, MD, FACS 
Carlos Crexells, MD 
Samuel Meerbaum, PhD 
Los Angeles, California 


Systemic Hypertension and Aortic Stenosis 


TO THE EDITOR: The article “Severe Valvular 
Aortic Stenosis in Patients over 65 Years of Age" by 
Roberts, Perloff and Costantino (Amer J Cardiol 27: 
497-506, 1971) provides an interesting perspective of 
aortic stenosis in the elderly. Their conclusion, how- 
ever, that “systemic systolic hypertension can result in 
a comparatively small pressure gradient despite severe 
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left ventricular outflow obstruction" is not warranted 
by their data or consistent with hemodynamies. In- 
herent in the orifice equation, as stated by Gorlin and 
Gorlin in 1951 and supported by numerous hemody- 
namic studies, is the conclusion that aortic valve gradi- 
ents are dependent only upon transvalvular flow, ori- 
fice area and cardiac output when ejection seconds per 
minute are unchanged. It is common in advanced val- 
vular disease of any type to see relatively small gradi- 
ents produced by low output despite severe stenosis. 
This is because gradient decreases with the square of 
flow, so that halving the cardiae output results in a 
gradient only one-fourth of the original value. Orifice 
area is independent of the actual levels of left ventricu- 
lar and aortic pressure but varies inversely as the 
square root of their systolic difference. 

Thus, it may be that the presence of systolic hyper- 
tension results in a left ventricular-aortic gradient at 
a higher level of left ventricular pressure, but if the 
mean gradient itself is smaller, it can only mean that 
flow is less or that the effective orifice area is not so 
small. It is possible that a problem is incurred in coro- 
nary blood flow because of the higher level of left ven- 
trieular pressure (and, presumably, oxygen consump- 
tion), and this might reduce cardiac output, but no 
data are presented that might clarify this point. 


Philip O. Ettinger, MD, FACC 
Newark, New Jersey 


The Author Replies 


Ettinger is concerned with the effect of systemic hyper- 
tension in the presence of discrete aortic stenosis. In 
reference 9 of our paper (Perloff et al: Circulation 35: 
347-357, 1967) some comment was made in this re- 
gard: “The increase in brachial arterial systolic pres- 
sure induced by angiotensin infusion was accompanied 
by change in the left ventricular systolic pressure that 
was similar in direction but generally less in degree. 
The aortic gradient consequently fell as a rule. An al- 
ready elevated systolic pressure proximal to a stenosed 
aortic valve may approach its physiological maximum 
during administration of angiotensin. Accordingly, a 
rise in pressure distal to the stenotic aortic orifice, 
which acts as a resistance in series, may not be readily 
transmitted into a quantitatively parallel rise in left 
ventricular systolic pressure. Although, the response 
of the gradient to acute elevations in aortic pressure 
need not apply to patients with chronic elevations, it 
may, nevertheless, be advisable to interpret an aortic 
gradient in the context of the level of systemic systolic 
pressure. Should persistent systolic hypertension re- 
duce an aortic gradient, the degree of obstruction may 
be underestimated if the pressure difference were taken 
as the index of severity." 

This observation is, by no means, at odds with Et- 
tinger's correct comment that aortic valve gradients 
depend upon transvalvular flow, orifice area, cardiac 
output, and the like. We now have under study a num- 
ber of patients with naturally occurring aortic stenosis 
and systemic hypertension as well as a larger series 
with acutely induced systemic hypertension (pharmaco- 
logic intervention). Systemic hypertension, as pointed 
out in our paper, may not only influence the aortic 
gradient and the length and frequency composition of 
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the systolie murmur, but also may influence the ar- 
terial pulse regarding rate of pressure development and 
pulse pressure, 


Joseph K. Perloff, MD, FACC 
Washington, D. C. 


Alcohol Ingestion by Mice 


TO THE EDITOR: In the paper entitled “The Effect 
of Ingestion of Ethyl Alcohol, Wine and Beer on the 
Myocardium of Mice (Amer J Cardiol 27, 522-528, 
1971), Burch et al. conclude that “These studies show 
that alcohol will produce myocardial damage in mice 
even if they are properly fed." 

The animals consumed average amounts of beer, 5, 
15 or 20 percent ethyl alcohol ranging from 4.0 to 7.5 ml 
daily. One group was given wine (20 percent ethyl al- 
cohol) and was fed only once a week; the other groups 
were offered the same commercially available brand of 
laboratory chow ad libitum. The quantities of beverage 
consumed according to the authors were equivalent to 
daily human consumption of 15.9 liters of beer, 12.5 
liters of 5 percent alcohol, 11.9 liters of 15 percent al- 
cohol, 9.5 liters of 20 percent alcohol or 9.7 liters of 
wine. The authors do not give comparable figures for 
the consumption of solid food, nor do the data provided 
give any opportunity for calculating the same. Never- 
theless, it is surely abundantly evident from the fig- 
ures cited that a large percentage of the total ealoric 
intake of the experimental animals must have been 
derived from the alcohol consumed in various forms. 

Ethyl alcohol per se and most of the beverages con- 
taining it, including wine and beer, although rich in 
calories are almost completely devoid of any significant 
amounts of essentia! amino acids, vitamins or other vi- 
tal food factors including a number of trace elements. 
Yet the simple caloric stress imposed by alcohol on the 
metabolic process of every organ of the body, including 
the heart, requires additional essential food factors and 
vitamins in order to metabolize the calory-rich alcohol 
ingested. 

Commercially available foods for laboratory animals 
are guaranteed to contain the minimal amounts or more 
of all known vitamins necessary for the normal me- 
tabolism of the calories supplied by the chow itself 
when it is the sole source of energy for the animal. 
However, levels of these factors above this criterion 
are not known and vary considerably from time to time. 

That hepatic injury in rats consuming alcohol (25 to 
50 percent of total calories) is largely if not entirely 
caused by relative nutritional deficiencies has been well 
documented,! even though the possibility of some re- 
maining direct hepatotoxic action is still postulated by 
some. To protect the liver from the additional stress of 
"nutritionally empty" calories derived from the pro- 
longed consumption of alcohol by rats, the rats must 
simultaneously be offered a so-called *'super-diet"? 
which contains sufficient amounts of all known food 
factors, vitamins and amino acids for the metabolism 
not only of the calories supplied by the food itself, but, 
also for those derived from the otherwise “nutritionally 
empty" sources of alcohol. Commercially available labo- 
ratory food is quite unable to supply these amounts of 
extra vitamins and food factors. Resort must be made 
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to carefully formulated semi-synthetic food mixtures 
in order to maintain optimal nutritional conditions for 
alcohol-consuming animals. 

In view of the foregoing, I respectfully submit that 
the experimental design employed by Burch et al. does 
not guarantee that the animals were “properly fed" 
and does not establish that the alcohol was a direct 
cardiotoxin. Instead it may well have induced a number 
of relative, but damaging, deficiencies of essential food 
factors. 


W. Stanley Hartroft, MD, PhD, FAAC 
Honolulu, Hawaii 
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TO THE EDITOR: I believe that clarification is in 
order by Burch et al. with regard to the comparative 
figures for the human consumption of beer, wine and 
ethanol, 

Using proportional calculations, the figure for the 
human consumption of water would be 18.1 liters! It 
would seem highly unlikely that these are true or rele- 
vant. Needless to say, any long-term study attempting 
to draw correlative implications would be highly suspect 
for lack of “reasonable” ethanol, wine or beer ingestion. 
Assuming a chronic ethanolic ingests 0.5 to 1 liter (1 
to 2 pints) per day, it would appear that a similar cor- 
responding amount might be fed to the mice. 


Thomas B. Graboys, MD 
Boston, Massachusetts 


The Author Replies 


We were aware of the possible nutritional aspects of 
our studies on the effect of ingestion of ethyl alcohol, 
wine and beer on the myocardium of mice. For that rea- 
son a group of mice were intentionally fed an inade- 
quate diet, receiving food only 1 day per week while 
drinking 20 percent alcohol as wine. Those animals had 
fewer changes in the myocardium than the other ani- 
mals that ate the same food daily on an ad libitum basis. 
In view of this, malnutrition was not an important fac- 
tor, if one at all, in the production of the changes ob- 
served. 


George E. Burch, MD, FACC 
New Orleans, Louisiana 


Atrial Dissociation 


TO THE EDITOR: It was a surprise to read Chung's 
article (“A Reappraisal of Atrial Dissociation," Amer 
J Cardiol 28:111-117, 1971) and to see absolutely no 
mention of the excellent observations of Higgins et al., 
who wrote about the true nature of “atrial dissociation” 
in the July 1966 issue of the Journal (Amer J Cardiol 
18: 132-139, 1966). | 

In the past 2 months we have had the opportunity to 
see 4 cases of such an abnormality. Two sets of distinct 
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P waves could be seen in leads II, III and aVF, 1 con- 
ducting to the ventricles and 1 with no relation to 
other atrial or ventricular events. Both sets of P waves 
were upright in these leads. It was obvious that the 
independent P wave was identical with the respiratory 
rate, no matter how rapid. The rates were between 40 
and 80/min. 

All of these patients died within days of respiratory 
failure secondary to chronic obstructive bronchiopul- 
monary disease with congestive failure. 

In proof that the extra “P” waves were caused by 
respiratory muscle events, intubation with opiate seda- 
tion for initial respiratory rate control caused their 
immediate disappearance. Extubation was followed 
with the reappearance of tachypnea and obvious ex- 
hausting respiratory efforts. The reappearance of these 
dissociated P waves at the respiratory rate was ob- 
served. 

Like Chung, we believe the appearance of this elec- 
trocardiographic finding is ominous. Unlike Chung, we 
believe it is most often if not always due to electrical 
events of accessory muscles of respiration. 


Ralph G. Oriscello, MD 
Edward G. Williams, MD 
Elizabeth, New Jersey 


The Author Replies 


It is not unexpected that some investigators still doubt 
the existence of atrial dissociation. 

I do agree that various artifacts and rhythmic move- 
ment of noncardiac muscles such as in Parkinsonism 
or respiratory failure may produce electrocardio- 
graphic findings similar to those of atrial dissociation. 
Therefore, true atrial dissociation should be distin- 
guished from these findings especially when dealing 
with slow unilateral atrial rhythm. However, in the 
past several years, various clinical studies have shown 
unequivocal evidence of atrial dissociation. For exam- 
ple, transitional electrocardiographic changes from 
normal sinus rhythm to unilateral atrial fibrillation 
followed by uncomplicated atrial fibrillation were ob- 
served in a patient with cardiomyopathy (Fig. 3 to 5 
of my paper). Another patient demonstrated transi- 
tional changes from sinus rhythm with first degree 
atrioventricular block to unilateral atrial flutter, fol- 
lowed by uncomplicated atrial flutter (Fig. 6 and 7). 
Unilateral atrial tachycardia in the presence of sinus 
rhythm followed by sinus arrest (Fig 2) is another 
unequivocal example of atrial dissociation. The pur- 
pose of my paper was to reemphasize the true existence 
of such interesting arrhythmias. 


Edward K. Chung, MD, FACC 
Morgantown, West Virginia 


Clinicopathologic Features of the Heart 
in Reye's Syndrome 


TO THE EDITOR: The findings of Morales et al. as 
reported in their paper entitled, “Pathology of the 
Heart in Reye's Syndrome" (Amer J Cardiol 27:314- 
317, 1971) parallel many of the findings in our study.! 
Although the findings in their cases were confined pri- 
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marily to the Purkinje cells, some of the cases in our 
series showed extensive changes in the ventricular myo- 
fibers. These included diffuse small droplet fatty ac- 
cumulation, vacuolar changes and myocytolysis. Inter- 
stitial edema and focal hemorrhage were also present. 
Concurrent with these histopathologic changes, we have 
reported clinical or electrocardiographic findings, or 
both, of both myocardial injury including marked S-T 
segment changes in dysfunction including arrhythmias 
which the authors predicted might occur. 

From a histopathologic standpoint, many of these 
changes in the heart would be classified as degenera- 
tive, which implies that they have developed as the re- 
sult of decreased energy production by the cell. Reye's 
syndrome with its features of hypoxemia,? hypogly- 
cemia? and, most importantly, lipolysis and mobiliza- 
tion of fat* that would result in the confrontation of 
the cardiac cells with the potential endogenous toxins, 
fatty acids,» provides an adequate set of circumstances 
that could result in decreased energy production with 
subsequent cellular degeneration and dysfunction. 
However, regardless of pathogenesis the physician 
should be alerted to the possible occurrence of both 
cardiac degeneration and dysfunction in Reye's syn- 
drome. | 

The author's ultrastructural picture of the lipid 
*droplet" (their Figure 7) has not been (in our ex- 
perience) the ultrastructural appearance* of the major 
portion of the accumulated lipid in Reye's syndrome. 
Furthermore, we have observed similar electron dense 
figures within mitochondrial-like structures in such 
eases and have interpreted these as structural lipid 
resulting from the breakdown of mitochondria. Finally, 
we suggest that the histologically demonstrable lipid in 
Reye's syndrome which by histochemical and ultrastruc- 
tural means has been shown to be consistent with neu- 
trallipid and by extraction procedures to be predomi- 
nantly triglycerides* is not responsible for the degen- 
erative changes, Instead we feel that fatty acids, one 
metabolite necessary for the formation of triglycerides, 
is responsible for the changes as previously mentioned. 
In this same light it is worth noting that fatty acids 
have been implicated in the production of cardiac ar- 
rhythmias.? 


R. E. Brown, MD 
G. E. Madge, MD 
Richmond, Virginia 
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The Author Replies 


Interpretation of eleetron microscopic findings is based 
on observation of a number of photographs, but in pub- 
lishing *Pathology of the Heart in Reye's Syndrome" 
we were asked by the editor to limit the number of elec- 
tron micrographs. It is possible that the one chosen to 
demonstrate fat droplets within dilated endoplasmic 
reticulum was a poor one, I am submitting an additional 
photograph (Fig. 1) which demonstrates (to our satis- 
faction) that the inelusions within the dilated sarco- 
tubular system are indeed lipid droplets. Myoeytolysis 
was not a feature in our cases. 
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Figure 1. Electron micrograph of heart muscle. X 22,000, reduced 
by 28 percent. 


The pathogenesis o? the cardiac lesions suggested by 
Brown and Madge is eertainly worth consideration. We 
found more pronounced alterations in the subcellular 
organization of the liver, in particular of the mitochon- 
dria and endoplasmic reticulum, which led us te postu- 
late the existence of a block in lipid metabolism at this 
level with secondary accumulation of triglycerides and 
fatty acids.! 


A. R. Morales, MD 
Detroit, Michigan 
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My Life and Medicine—An Autobiographical Memoir, by 
Paul Dudley White, MD. Boston, Gambit, 1971, 269 
pages, $6.95 


The memoirs of Paul Dudley White portray the life 
history of a great human being—his thoughts, his 
teaching activities, his contributions to cardiology as 
a scientific discipline and his lifelong concern for world 
peace. This history is interwoven into a literary fabric 
which affords the reader a profitable, stimulating ex- 
perience. The chronology of personal events never re- 
flects egotism. The qualities of sympathy, determina- 
tion, insight and profound skill reveal a man who pos- 
sesses the highest attributes in medicine and in society. 

Dr. White’s early training by his physician-father, 
his educational experience at Harvard Medical School 
and his interests in pediatrics and internal medicine 
prepared him for the opportunity to study under the 
world’s greatest cardiologists—Sir James McKenzie, 
Sir Thomas Lewis, John Parkinson and others in Lon- 
don. In 1914 he returned to Boston and set up an elec- 
trocardiographic laboratory in the basement of the 
Massachusetts General Hospital. 

Soon thereafter, Dr. White, with Dr. Richard Cabot, 
began the classification of heart disease according to its 
origin, thus becoming a pioneer in the concept of pre- 
ventive cardiology. 

World War I found him serving in Europe as a medi- 
cal officer, and he later had a tour of duty in Macedonia, 
sponsored by the Red Cross. Returning to Boston, he 
fathered the beginnings of cardiology through prac- 
tice, teaching and clinical research. He wrote the first 
American textbook on heart disease in 1929. 

Dr. White’s interest in the anatomy and physiology 
of large mammals brought interesting and profitable 
interludes in his life as he studied the action of the 
elephant’s heart in Boston, and the heart of the grey 
whale, both in Alaskan waters and in the Pacific Ocean 
off the coast of Mexico. 

During the 1940’s and 1950’s Dr. White pointed to 
the wider range of normal findings in man, and indi- 
cated that no man necessarily conformed to the so- 
called averages. He especially emphasized the wide 
variation in normal heart rate, heart size and blood 
pressure. 

Following his retirement as an active director of the 
cardiac laboratory and cardiac clinics at Massachusetts 
General Hospital, his advice was widely sought and his 
activities as a consulting cardiologist and world trav- 
eler in the interest of the heart and global peace in- 
creased markedly. 

The measure of the man and the physician is seen in 
his detailed account of President Eisenhower’s heart 
attack. In the care of the President, his belief that 
both medical and lay communities should know the de- 
tails of the illness and the status of the patient at all 
times established a precedent. He pointed out that re- 
covery from a heart attack is possible and that long 
years of useful life may follow. The chapter on Presi- 
dent Eisenhower’s heart attack should be required 
reading for all. 

The increasing incidence of coronary artery disease, 
especially in the young American, is emphasized. He 
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shows that control of the greatest epidemic the world 
has ever known—coronary artery disease—can be at- 
tained by physical fitness, prudent dieting, avoidance 
of tobacco and the lessening of tension. 

Throughout the book it becomes unmistakably clear 
that most of the advances in cardiology were heralded 
by the mind of Dr. Paul Dudley White. 


George C. Griffith, MD, FACC 
La Cafiada, California 


Coronary Heart Disease, edited by H. |. Russek, MD and 
B. L. Zohman, MD. Philadelphia, J. B. Lippincott, 1971, 
502 pages, $20.00 


This volume consists of a discussion of the various as- 
pects of coronary artery disease presented at a sympo- 
sium sponsored by the American College of Cardiology 
and St. Barnabas Hospital in New York City on De- 
cember 13 to 15, 1969. The chapters are written by 
some of the most famous names in American medicine, 
Discussed are the recent concepts of the anatomy of 
the coronary arteries with reference to their functional 
import and the location of obstructive disease of the 
coronary circulation. Discussion of pathophysiologic 
and pathogenetic factors is extensive and includes ex- 
cellent chapters by Gregg on the physiologic factors 
which determine coronary blood flow and techniques 
for measurement of the coronary circulation by Gen- 
sini and associates. An excellent chapter by Katz con- 
siders the effects of ischemia and hypoxia upon the 
myocardium. Rosenman and Friedman present an in- 
formative discussion on the possible role of behavior 
patterns in proneness and immunity to coronary heart 
disease. Gudbjarnason and Bing contribute an excel- 
lent chapter on the metabolic changes in myocardial in- 
farction. The diagnosis of ischemic heart disease is 
presented in considerable detail as is the long-term 
management of ischemic heart disease. The problems 
encountered in the acute coronary care unit are pre- 
sented by Grace, Weil, Shubin, Killip, Kuhn and others. 
An excellent chapter is that on the management of 
heart block complicating acute myocardial infarction 
by Dack and Donoso. The surgical treatment for coro- 
nary artery disease is presented by Lillehei, Vineberg, 
Sones, Bailey and associates, with some dissenting 
opinions by Friedberg. 

Some of the drawbacks in this volume are those 
which are frequently inherent in a compilation of data 
on various subjects by many different authors. These 
include variation in the emphasis placed on different 


topics, lack of uniformity of presentation, repetition of. 


certain aspects, and variation in emphasis and meth- 
ods of presentation of data. 

In summary, this volume consists of an excellent 
compilation and review of the recent status of the sub- 
ject of coronary heart disease and should be in the li- 
brary of the cardiologist, internist and cardiovascular 
surgeon. 


Samuel Bellet, MD, FACC 
Philadelphia, Pennsylvania 
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Electronic Instrumentation. Theory of Cardiac Technology, 
by Lawrence W. Piller. Springfield, IIl., Charles C Thomas, 
1970, 224 pages 


The clinician and investigator concerned with disease 


or dysfunction of the circulation are highly dependent 


upon technology that involves devices for measuring 
some electrical or mechanical variable. The young 
cardiologist soon discovers, and sometimes too late, that 
in his practice of diagnostics and therapeutics he often 
stands at the mercy of a machine which is by no means 
absolute in its results or constant in its performance. 

It has always been difficult to give guidance to the 
young physician entering the field of cardiology or pul- 
monary diseases on how to review the physics and elec- 
tronics required to understand the potential shortcom- 
ings, distortions and variability of the instrumentation 
he will be using. It is even more difficult to provide such 
information to the technicians and technologists who 
operate and maintain the equipment. Mr. Piller has 
gone far to make this task of a director of a cardiovas- 
cular laboratory easier, in relation not only to the 
physician entering, for example, a fellowship in car- 
diology but also to the technical staff that are indis- 
pensable to him in his daily activities. 

The book is divided into 3 parts and an appendix. It 
has an excellent though incomplete list of 75 citations 
in the bibliography. It was probably an oversight that 
Mr. Piller left out of this list the “Recommendations 
for Standardization of Leads and Specifications for 
Instruments" published by a Committee on Electrocar- 
diography of the American Heart Association in 1967, 
a report which contains a great deal of technical elec- 
trocardiographic information which would be of inter- 
est to all physicians and technologists who might use 
Mr. Piller’s book, 

Part I, *Electronic Fundamentals," is presented in a 
clear style with simple line drawings which are most 
helpful in understanding the involved physies that 
medical students usually find distressingly elusive. For 
a technician with a good electronics background, it 
might, as the author indicates, be too elementary. 

Part II, *Instrumentation Theory," is simply writ- 
ten and includes such items as the electrocardiograph, 
monitors, defibrillators, pacemakers, transducers, flow- 
meters and the like. Perhaps this part should also have 
included something about vectorcardiographs, pulmo- 
nary function testing devices and hemodialysis ma- 
chines, but possibly it would have made the volume too 
large and too diverse. The same might be said for com- 
puter technology which is complementing all fields of 
electronic instrumentation as used in the study of the 
circulation. 

Part III, which includes a discussion of safety con- 
siderations, is important, but the chapter on cardio- 
pulmonary resuscitation might have been omitted since 
it is not quite pertinent in a book with this title. 

In conclusion, this is a fine effort toward helping the 
growth and development of the cardiologic technolo- 
gist, a relatively new and important component of the 
ever-growing team of physicians, surgeons, nurses and 
paramedical personnel concerned with the morbidity 
and malfunction of the circulatory system. Undoubt- 
edly, subsequent editions of the book will be improved, 
but it can be recommended as it now stands for all tech- 
nicians who will have anything to do with modern elec- 
tronic medical instrumentation and also for medical 
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students and fellows who have chosen to busy them- 

selves with the modern measurement of circulatory 
variables. 

Charles E. Kossmann, MD 

Memphis, Tennessee 


Cardiac Rehabilitation, edited by Lenore R. Zohman, MD 
and Jerome S. Tobis, MD. New York, Grune & Stratton, 
1970, 248 pages, $12.75 


Cardiac rehabilitation involves the restoration of a 
patient with heart disease to an optimal level of func- 
tion, compatible with the degree of cardiac impair- 
ment; it also includes the maintenance of the patient 
at this level. The process of cardiac rehabilitation, 
then, is synonymous with excellent comprehensive care 
and is dependent on the skills not only of the physician 
but of many members of the health care team. 

Zohman and Tobis review the physiologic and bio- 
chemical bases and the determinants of cardiac func- 
tion, and describe procedures used to evaluate function 
and methods and programs designed to enhance func- 
tion in patients with many varieties of heart disease. 
They specify that the diagnostic methods, specific drug 
regimens, surgical therapy, and the like for cardiac dis- 
ease are beyond the scope of their book; however, 
since all these areas are so intimately involved both in 
evaluation and in enhancement of function of the car- 
diac patient, chapters or sections of this volume, ap- 
propriately placed, would complement the material pre- 
sented in many standard textbooks on cardiology and 
cardiac surgery. Similarly, recommendations for evalu- 
ation of cardiac function, particularly serial evaluation 
in assessing the need for surgical intervention, or dis- 
cussions of concomitant drug and physical activity pro- 
grams to enhance function, would be valuable here. 
They would reinforce the authors’ statements that the 
disciplines they emphasize constitute an integral part 
of acute and chronic cardiac patient care. They would 
also provide a basis for a much needed discussion of in- 
dications and contraindications for cardiac function 
(exercise) testing and physical activity training pro- 
grams. 

The authors document the physiologic changes asso- 
ciated with emotion, stress and physical activity. There 
is a good classification of the exercise tests used to 
evaluate cardiovascular function; the interpretation of 
the exercise electrocardiogram is presented in detail, 
and proper emphasis is given to the relation between 
exercise test results and job energy requirements, Al- 
though this book is obviously not intended as a *how to 
do it" manual for cardiac rehabilitation, but is rather 
a survey of the scientific basis and a sampling of meth- 
ods and programs, it provides the type of comprehen- 
sive review particularly valuable for those beginning a 
cardiac rehabilitation effort. It is emphasized that car- 
diac impairment should not become cardiac disability ; 
the concept of the health care team, the role of work 
evaluation units, the value of sheltered workshops and 
advantages of on-the-job patient monitoring are well 
reviewed. The authors appropriately recommend that 
physicians be as familiar with the use of an exercise 
prescription and a work prescription as they are with 
medication prescriptions. 


Nanette K. Wenger 
Atlanta, Georgia 
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Cardiovascular Bibliography of Selected Reviews 


A Cooperative Program of the 
American College of Cardiology and the National Library of Medicine 


Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program— 
Bibliography of Medical Reviews. The first of these Bibliographies, and an explanatory edi- 
torial, appeared in the September 1971 issue of the Journal (Amer J Cardiol 28: 366—367, 
1971). 


AORTA 


Fatty acid biosynthesis in aorta and heart. Whereat AF. 
Adv Lipid Res 9:119-59, 1971 (166 ref.) 


AORTIC VALVE STENOSIS 


Differential diagnosis of type and severity of 
obstruction to left ventricular outflow. Glancy DL, et 
al. Progr Cardiovasc Dis 14:153-91, Sep 71 (121 ref.) 


ARRHYTHMIA 


Aberrancy: electrophysiologic aspects. Singer DH, et 
al. Am J Cardiol 28:381-401, Oct 71 (79 ref.) 


ARTERIOSCLEROSIS 


The morphogenesis and fate of potential and early 
atherosclerotic lesions in man. Haust MD. 
Hum Pathol 2:1-29, Mar 71 (88 ref.) 


CORONARY DISEASE 


Lipid profile and the potential coronary victim. Kannel 
WB. Am J Clin Nutr 24:1074-81, Sep 71 (40 ref.) 
Nutrition and ischemic heart disease. Williams RJ. 
Bordens Rev Nutr Res 31:17-29, Apr-Jun 71 (64 ref.) 
The coronary thrombus: its origin and fate. Friedman 
M. Hum Pathol 2:81-128, Mar 71 (102 ref.) 
Regulation of glycolysis in the ischemic and the anoxic 
myocardium. Kübler W, et al. 
J Mol Cell Cardiol 1:351-77, Dec 70 (72 ref.) 


CORONARY VESSELS 


The coronary thrombus: its origin and fate. Friedman 
M. Hum Pathol 2:81-128, Mar 71 (102 ref.) 


DUCTUS ARTERIOSUS, PATENT 


Patent ductus arteriosus in early infancy. Kostis JB, et 
al. Cardiovasc Clin 2:231-55, 1970 (75 ref.) 


ELECTROCARDIOGRAPH Y 


Electrocardiographic clues in the diagnosis of 
congenital heart disease. Ziegler RF. 
Cardiovasc Clin 2:97-114, 1970 (12 ref.) 


HEART 


The intrinsic control of myocardial contraction--ionic 
factors. Langer GA. 
N Engl J Med 285:1065-71, 4 Nov 71 (8 ref.) 


HEART ANEURYSM 


Ventricular aneurysmectomy. Loop FD. 
Surg Clin North Am 51:1071-9, Oct 71 (26 ref.) 


HEART ATRIUM 


Specialized tissues and preferential conduction in the 
atria of the heart. James TN, et al. 
Am J Cardiol 28:414-27, Oct 71 (86 ref.) 


HEART CONDUCTION SYSTEM 


Specialized tissues and preferential conduction in the 
atria of the heart. James TN, et al. 
Am J Cardiol 28:414-27, Oct 71 (86 ref.) 
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Aberrancy: electrophysiologic aspects. Singer DH, et 
al. Am J Cardiol 28:381-401, Oct 71 (79 ref.) 


HEART DEFECTS, CONGENITAL 


Congenital heart disease in adults. Brest AN. 
Cardiovasc Clin 2:257-65, 1970 (37 ref.) 
Medical management of the patient with congenital 
heart disease. Engle MA. 

Cardiovasc Clin 2:267-86, 1970 (54 ref.) 
Surgical management of congenital heart disease: 
viewpoint of the pediatric cardiologist. Kane H. 
Cardiovasc Clin 2:305-22, 1970 (50 ref.) 

The roentgen diagnosis of congenital heart disease. 
Kirkpatrick JA, et al. 

Cardiovasc Clin 2:115-37, 1970 (18 ref.) 
Surgical management of congenital heart disease; 
viewpoint of the surgeon. McGoon DC. 
Cardiovasc Clin 2:287-304, 1970 (12 ref.) 
Diagnosis of congenital heart disease: clues from the 
history and physical examination. Robinson SJ. 
Cardiovasc Clin 2:77-95, 1970 (19 ref.) 
Pathology and pathogenesis of the common cardiac 
malformations. Van Mierop LH. 

Cardiovasc Clin 2:27-59, 1970 (12 ref.) 
Electrocardiographic clues in the diagnosis of 
congenital heart disease. Ziegler RF. 
Cardiovasc Clin 2:97-114, 1970 (12 ref.) 
Differential diagnosis of type and severity of 
obstruction to left ventricular outflow. Glancy DL, et 
al. Progr Cardiovasc Dis 14:153-91, Sep 71 (121 ref.) 
The present role of surgery in congenital heart disease. 
Reid JM. Scott Med J 16:450-60, Oct 71 (52 ref.) 


HEART DISEASES 


Synergism of cobalt and thanol. 

Nutr Rev 29:43-5, Feb 71 

Atrial pacing: its diagnostic and therapeutic 
applications. Cheng TO. 

Progr Cardiovasc Dis 14:230-47, Sep 71 (38 ref.) 


HEART INJURIES 


Radiologic evaluation of traumatic heart disease. 
Soulen RL, et al. 
Radiol Clin North Am 9:285-97, Aug 71 (34 ref.) 


HEART NEOPLASMS 


The radiology of tumors of the heart. Abrams HL, et al. 
Radiol Clin North Am 9:299-326, Aug 71 (53 ref.) 


HEART SEPTAL DEFECTS, 
VENTRICULAR 


Natural history of ventricular septal defect. Moss AJ, et 
al. Cardiovasc Clin 2:139-54, 1970 (76 ref.) 


HEART SURGERY 


Ocular complications in cardiac surgery. Gutman FA, et 
al. Surg Clin North Am 51:1095-103, Oct 71 (38 ref.) 


HEART VALVE DISEASES 


Radiologic diagnosis of late complications associated 
with cardiac valve surgery in acquired heart disease. 
Hipona FA, et al. 

Radiol Clin North Am 9:265-83, Aug 71 (76 ref.) 
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HEART VALVE PROSTHESIS 


Radiologic diagnosis of late complications associated 
with cardiac valve surgery in acquired heart disease. 
Hipona FA, et al. 

Radiol Clin North Am 9:265-83, Aug 71 (76 ref.) 


HYPERTENSION 


Is high blood pressure a psychosomatic disorder? A 
critical review of the evidence. Davies MH. 

J Chronic Dis 24:239-58, Jul 71 (103 ref.) 
Differential diagnosis of etiologic types of 
hypertension. Dustan HP, et 


al 
' Progr Cardiovasc Dis 14:210-24, Sep 71 (53 ref.) 


IDIOPATHIC HYPERTROPHIC 
SUBVALVULAR STENOSIS 

Differential diagnosis of type and severity of 
obstruction to left ventricular outflow. Glancy DL, et 
al. Progr Cardiovasc Dis 14:153-91, Sep 71 (121 ref.) 


LYMPHATIC SYSTEM 


The lymphatics of the larynx. Johner CH. 
Otolaryngol Clin North Am 3:439-50, Oct 70 (7 ref.) 


MITRAL VALVE INSUFFICIENCY 


Echocardiography of the mitral valve. Bodenheimer M, 
et al. Md State Med J 20:50-2, Oct 71 (20 ref.) 


MITRAL VALVE STENOSIS 


Echocardiography of the mitral valve. Bodenheimer M, 
et al. Md State Med J 20:50-2, Oct 71 (20 ref.) 


LT ET: mp TT PUE 


MYOCARDIUM 


Fatty acid biosynthesis in aorta and heart. Whereat AF. 
Adv Lipid Res 9:119-59, 1971 (166 ref.) 
Regulation of glycolysis in the ischemic and the anoxic 
myocardium. Kiibler W, et al. 

J Mol Cell Cardiol 1:351-77, Dec 70 (72 ref.) 
The subcellular basis for the mechanism of inotropic 
action of cardiac glycosides. Lee KS, et al. 
Pharmacol Rev 23:193-261, Sep 71 (580 ref.) 


NEOPLASMS, VASCULAR TISSUE 


The radiology of tumors of the heart. Abrams HL, et al. 
Radiol Clin North Am 9:299-326, Aug 71 (53 ref.) 


PULMONARY CIRCULATION 
The physiologic factors affecting regional ventilation 


and perfusion. Potchen EJ, et 
Semin Nucl Med 1:153-60, Apr 71 (13 ref.) 


TETRALOGY OF FALLOT 
Tetralogy of Fallot: natural course, indications for 


surgery, and results of surgical treatment. Bourland 
BJ, et al. Cardiovasc Clin 2:195-209, 1970 (14 ref.) 


TRANSPOSITION OF GREAT 
VESSELS 
Transposition of the great Aa goa recognition and 


management. Fisher E, et 
Cardiovasc Clin 2:211-30, 990 (17 ref.) 





Announcing two special programs: 


WEDNESDAY, MARCH 1, 1972 CONRAD HILTON HOTEL, CHICAGO, ILLINOIS 


Leader: 


SEMINAR: READ AND REMEMBER 


Sponsor: The American College of Cardiology 


David L. Schmidt 


Topics: Developing Effective Reading Habits * Learning the Techniques * Implant the Imprint of Ef- 
fective Rapid Reading * Giving Memory a Chance * Developing a Memory Storage Unit * Applying the 
Techniques to the Medical Literature 


For information write John C. Bish, EdD, Assistant Executive Director for Educational Programs, American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





SECOND ANNUAL WORKSHOP ON SCIENTIFIC WRITING: 


Scientific Writing to Convince the Editor and Reader 


Sponsors: The American College of Cardiology and The American Medical Writ- 
ers Association 


Chairman: Charles G. Roland, MD, Rochester, Minn. 
Deadline for registration: February 15, 1972 


For further information write Charles G. Roland, MD, Chairman, Department of Biomedical Communica- 
tions, Mayo Foundation, Rochester, Minn. 55901. 
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IMPORTANT MESSAGE 
FOR PHYSICIANS, 
RESEARCHERS, 
CLINICAL LABORATORIES, 
AND PHARMACEUTICAL 
MANUFACTURERS. 


Interested in monitoring 
digitalis glycoside blood levels? 


Whether you’re a clinician or researcher interested in 
monitoring patient digitalization... 

Or, a clinical laboratory hoping to provide 
physicians with the most sensitive tool for assessing 
blood levels of cardiac glycosides... 

Or, a pharmaceutical manufacturer concerned with 
the bioavailability of these glycosides in your products... 

Please note the current availability of four proven, 


easy-to-use Schwarz/Mann kits for the radioimmunoassay 


of digoxin (either [PH] or [?*1]), or digitoxin (either 
PH] or ['251]) which satisfy all of the requirements 
listed above. 

A full 186 years after Withering introduced foxglove 
into clinical medicine for the control of congestive 
heart failure, one still reads that perhaps 20 to 25% of 
digitalized patients are actually overdigitalized to the 
point of toxicity, and that such toxicity now appears to 
have reached epidemic proportions.!') 

Or one reads a report that claims the mortality rate 
from overdigitalization ranges from 3% to 21%. And in 
the same study, 1196 of digitalized patients thought to be 
on adequate daily maintenance therapy were shown 
to be underdigitalized. 

Or one reads of variability in the biological 
availability of digoxin in commercial preparations along 
with the suggestion that this may indeed represent a 
potential hazard to patients.) 

Or one reads that the FDA is going to launch a 
digoxin bioavailability program.* 

Schwarz/Mann-the major factor in 
radioimmunoassay technology—now provides a practical 
means for dealing with the problem of monitoring 
digoxin and digitoxin blood levels: four self-contained 
kits that offer exceptional sensitivity, specificity, 
precision, and speed. For detailed information on the 
practical utility of radioimmunoassay techniques for the 





determination of glycoside blood levels, please see, 

for example, references (1), (2) and (3) below. For 

information on our kits, please use coupon. Thank you. 
REFERENCES 

(1) “Digitalis Serum Levels: Clinical Use.” J. F. Doherty, 

Annals of Internal Medicine (May, 1971). 

(2) “Digitalis Intoxication” G. A. Beller, et al., New 

England Journal of Medicine (May 6, 1971). 

(3) "Variation in Biologic Availability of Digoxin from 

Four Preparations." J. Lindenbaum, et al., New England 

Journal of Medicine (Dec. 9, 1971). 

(4) "FDA to launch digoxin bioavailability program." 

FDC Reports (Dec. 20, 1971). 





Schwarz / Mann 


Division of Becton, Dickinson and Company 
Orangeburg, New York 10962. 


| 

| Schwarz/Mann, Orangeburg, New York 10962 

l'm interested in information about the following: 

ee Digoxin Kits. 

| GÀ Digitoxin Kits. 

' (© Other Radioimmunoassay Kits. 

| Name 

| Title 

| Department 

Organization 

| Address 

' Zip 
Telephone 

Area Code Number 
| 











SUMMARY OF PRESCRIBING INFORMATION 
Mode of Action: The mechanism of action of 
SORBITRATE (isosorbide dinitrate) is unknown, al- 
though the basic pharmacologic action is to relax 
smooth muscle. Isosorbide dinitrate reduces in num- 
ber and severity the incidence of angina pectoris 
ei od with concomitant reduction in nitroglycerin 
intake. 

Indications: Sublingual and Chewable: For the 
prevention and treatment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not 
intended to abort the acute anginal episode. 
SORBITRATE WITH PHENOBARBITAL is indicated 
for patients in whom the angina pectoris is accom- 
panied by anxiety or its related symptoms. 
pe aca hsm A history of sensitivity to the 

rug. 

Warnings: Data supporting the use of nitrates dur- 
ing the early days of the acute phase of myocardial 
infarction are insufficient to establish safety. Phe- 
nobarbital may be habit forming. 

Precautions: Should be used with caution in pa- 
tients who have glaucoma. Tolerance and cross tol- 
erance to other nitrates may occur. 


Adverse Reactions: Headache which may be se- 
vere and persistent. Lowering the dose and using 
analgesics will help contre! the headaches which 
usually diminish or disappear as therapy is con- 
tinued. 

Adverse reactions seen occasionally: Cutaneous 
vasodilation with flushing; transient dizziness and 
weakness as well as other signs of cerebral ische- 
mia associated with postural hypotension; individ- 
ual marked sensitivity to the hypotensive effects of 
nitrates wherein severe responses can occur even 
with the usual therapeutic dose (alcohol may en- 
hance this effect); drug rash and/or exfoliative der- 
matitis. 

This drug can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and 
cther agents. 

Dosage and Administration: Route: Sublingual, 
oral and chewable tablets. 

Individual Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with 
chewable doses as low as 5 mg., the smallest 
effective dose should be employed, Chewable tab- 


akn. therapy 
for anginal pain... 





— 


lets are generally given in doses of 5 mg. Sub- 
lingually or orally, 5 to 10 mg. is the range com- 
monly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose nec- 
essary for the prevention and treatment of pain of 
an anginal attack. Sublingual SORBITRATE may 
be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. 
CHEWABLE SORBITRATE may be taken for prompt 
reiief of anginal pain 3 or 4 times daily. Although 
the onset and duration of effect of coronary ni- 
trates may vary, following are the generelly reported 
ranges of these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 
5 minutes. Oral: 15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 
to 2 hours. Oral: Estimated to be 4 to 3 hours. 

It is recommended that the oral dosage be 
taken on an empty stomach. 


STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


could become 
just a few tablets 
a day...with 
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Both the frequency and severity of acute anginal attacks 
can be reduced with Sorbitrate. 
That means less nitroglycerin for your patients. 
, And probably less anxiety and apprehension. 
Onset of action is within 15-30 minutes; duration, 
4 to 6 hours for prolonged protection. 
Tablets are scored for individual adjustment to 
help minimize vascular headache. 
And when indicated: Sorbitrate" (isosorbide dinitrate) 
5 mg. oral tablets. 


when it comes 
to recording charts, 
he’s the doctor 


Who knows more about which recording paper is 
best for your electrocardiagraph than the company 
that made the instrument. Doesn’t it make good 
sense then, to get your recording charts from the 
people who know most about them... your 
recording instrument manufacturer. 


E") NASHUA 


CORPORATION 





GUBELMAN CHART DIVISION 





Sure you can get chart paper elsewhere, but not 
the one specifically designed and precision match- 
ed to your instrument for maximum diagnostic 
accuracy. 


The best is available only from your instrument 
manufacturer. 


The Instrument Manufacturers’ Chartmaker 


100 East Kinney St., Newark, N.J. 07105 (201) 589-5970 
3037 East Maria St., Compton, Calif. 90220 (213) 537-4250 


unit record storage 





A new era in elecirocardiol 


Serial EKG analysis by computer is now feasible. 
Marquette’s Magnetic Card Recorder system makes 
it possible. Magnetic Data Card™ record storage per- 
mits fast retrieval of archival records in their original 
electrical form. Record storage is permanent, precise, 
and compact; about one tenth of the conventional 
storage volume is required. 

Serial comparison programs will be available in 
the near future. In the meantime, your Magnetic Card 
Recorder system enables you to create a data bank 
of computer compatible EKG records suitable for 
serial comparison programs. 

Interested? Write or call Marquette for further 
information. 

Sales and Service in all major cities. For more in- 
formation write or call MARQUETTE ELECTRONICS, 
INC., 3712 West Elm Street, Milwaukee, Wisconsin 
53209. Phone: 414/352-3500, Telex: 2-69545, MAR- 
QUETTE MIL., represented in Canada by Siemens 
Medical Canada, Ltd. 


See the Magnetic Card Recorder System at the 
American College of Cardiology, March 2-4, Chicago, 
Illinois, Alcove l. 
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biomedical systems...worldwide 


Magnetic Data Card™ is a trademark of Marquette Electronics, Inc. 









presents a 
cardiac assist instrument 
utilizing the technique 
of counterpulsation— 
today’s most promising therapy 

for cardiogenic shock 

and other 
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Intra-Aortic 
Balloon Pump" 


for temporary 
cardiac assistance 





For information about the Avco Intra-Aortic 


Balloon Pump, just fill in the coupon below and 
mail to: 


Roche Medical Electronics Division, 
Hoffmann - La Roche Inc., 
Cranbury, New Jersey 08512. 


Gentlemen: 


Please send me information about the 
Avco Intra-Aortic Balloon Pump. 


Name 
Hospital 
Address 
Ciy ^ State ZipCode 





*Developed by Avco Corporation and manufactured for Roche Medical Electronics Division. 








American College of Cardiology News 


Calendar of Continuing Medical Education Programs 





The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


1972 


FEB. 
7-9 


The Acute Cardiac Emergency. 
Robert S. Eliot, FACC and Ger- 
ald Chaplin, co-directors. Ponte 
Vidra Club, Jacksonville, Fla. 


MAR. 
20—22 


Electrocardiographic  Interpre- 
tation of Arrhythmias: A Physi- 
ologic Approach. Charles Fisch, 
FACC, director, Indiana Univer: 
sity Medical Center, Indianap- 
olis, Ind. 


MAR. 
20—25 


Consultants' Course in Cardi- 
ology. Simon Dack, FACC, Ar- 
nold M. Katz, FACC and Rob- 
ert S. Litwak, FACC, directors. 
Mount Sinai School of Medi- 
cine, New York, N. Y. 


APR. 
3-12 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, direc: 
tor. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


A Work- 
Benchimol, 
Mountain 
Scottsdale, 


APR. Vectorcardiography: 

5-7 shop. Alberto 
FACC, director. 
Shadows Hotel, 
Ariz. 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


The Total Coronary Care Sys- 
tem—The Community and The 
Hospital. Sylvan L. Weinberg, 
FACC, C. W. Immt and Jo- 
seph M. Wilson, FACC, co-di- 
rectors. The Sheraton-Dayton 
Hotel, Dayton, Ohio. 


12-13 


APR. 
17-20 


Current Concepts in Cardiology 
1972. Philip R. Akre, FACC and 
John A. Bower, MD, directors. 
Riviera Hotel, Las Vegas, Nev. 


MAY The 
8-12 


Medical and Surgical 
Treatment of Cardiovascular 
Disease. J. Willis Hurst, FACC 
and W. Dean Warren, MD, di- 
rectors. Co-sponsored by ACC 
and Council on Clinical Cardiol- 
ogy of the American Heart As- 
sociation. Royal Coach Motor 
Hotel, Atlanta, Ga. 


MAY 
12-13 


Computer Applications in Elec- 
trocardiography. C. A. Caceres, 
FACC, director, Sheraton Park 
Hotel, Washington, D. C. 


MAY 
18-19 


Heart Sounds and Murmurs: 
An Audiovisual Presentation. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital, In- 
dianapolis, Ind. 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one's 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


A Critical Approach to Cardio- 
vascular Diagnosis. Arthur 
Selzer, FACC, director. Jack 
Tar Hotel, San Francisco, Calif. 


SEPT. 
8-10 


The Clinical Pharmacology of 
Cardiovascular Drugs. William 
B. Abrams, FACC, director. 
Queen Elizabeth Hotel, Mon- 
treal, Quebec, Canada. 


SEPT. 
13-15 


The Clinical Manifestations of 
Congenital Heart Disease from 
Birth through Adulthood. Jo- 
seph K. Perloff, FACC and An- 
tonio C. DeLeon, Jr, FACC, di- 
rectors. Georgetown University 
Medical Center, Washington, 
LE. 


SEPT. 
28-30 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC, director. 
Hahnemann Medical College, 
Philadelphia, Pa. 


OCT. 
10-14 


Alberto 
director. 
Hotel, 


Vectorcardiography. 
Benchimol, FACC, 
Mountain Shadows 
Scottsdale, Ariz. 


DEC. 
8-10 


Henry |. Russek, FACC, di- 
rector. Americana Hotel, New 
York, N. Y. Title unavailable. 


Advance registration forms for these courses may be obtained by writing to Mary Anne Mclnerny, Director, Department of Con- 
tinuing Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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Advance Programs* 





APRIL 12, 13, 1972 
Dayton, Ohio 


THE TOTAL CORONARY CARE 
SYSTEM—THE COMMUNITY 
AND THE HOSPITAL 





Program director: 
SYLVAN L. WEINBERG, MD, FACC 
Dayton, Ohio 


Program co-directors: 

WILLIAM G. CASSEL, MD, FACC 
C. W. IMM, MD 

JOSEFH M. WILSON, MD, FACC 
Dayton, Ohio 


Program committee: 
HOMER CASSEL, MD, FACC 
DAVID R. MARCUS, MD 
MAXENE MILLER, BS, RN 
K. SINNATHAMBY, MD 
Dayton, Ohio 


This symposium is the fourth in a 
continuing series sponsored by The 
American College of Cardiology and 
The Good Samaritan Hospital in 
Dayton and designed to assess the 
status of coronary care concepts. 
The current program emphasizes the 
evolutionary trends which have 
moved from the circumscribed ap- 
proach of a coronary care unit to a 
coronary care system which involves 
the community and the total hos- 
pitaL In this context the patient en- 
ters the coronary care system with 
his first symptoms. His ultimate sur- 
vival may depend on the effective op- 
eration of this system which will be 
described in detail during the course 
of this symposium. The facultv will 
be composed of outstanding con- 
tributors in the field who have, during 
the past several years, helped to 
shape current concepts in the coro- 
nary care system. The program for- 
mat seeks to allow ample time for 
presentation and interchange of 
ideas among the faculty and par- 
ticipants. |n addition, luncheon 
panels will deal with specific aspects 
of therapy in the management of 
acute coronary disease. 


Faculty: 


Drs. Siavosh Bozorgi, Dayton, Ohio; 
Homer D. Cassel, Dayton, Ohio; William 


G. Cassel, Dayton, Ohio; and Stuart M. 
Denmark, Dayton, Ohio; Mr. David L. 
Ford, Dayton, Ohio; Drs. Peter L. 
Frommer, Bethesda, Md.; William J. 
Grace, New York, N. Y.; L. Julian Hay- 
wood, Los Angeles, Calif.; C. W. Imm, 
Dayton, Ohio; Huascar E. Jessen, Day- 
ton, Ohio; Louis Lemberg, Miami, Fla.; 
David R. Marcus, Dayton, Ohio; Miss 
Maxene Miller, Dayton, Ohio; Mr. Wil- 
liam D. Nelligan, Bethesda, Md.; Dr. 
Leonard Scherlis, Baltimore, Md.; Mr. 
Earl E. Shelton, Dayton, Ohio; Drs. 
Kuddythamby  Sinnathamby, Dayton, 
Ohio; John C. Stahler, Dayton, Ohio; H. 
J. C. Swan, Los Angeles, Calif.; Herman 
N. Uhley, San Francisco, Calif.; James 
V. Warren, Columbus, Ohio; Sylvan L. 
Weinberg, Dayton, Ohio; Joseph M. 
Wilson, Dayton, Ohio 


Location: 
All sessions will be held at the Shera- 
ton-Dayton Hotel, Dayton, Ohio. 


Enrollment: 


Minimal and maxima! enrollment has 
been established for this program. Ad- 
vance registration is requested. 


Fee: 


Members of ACC and of Montgomery 
County Medica! Society, $100; nonmem- 
bers, $125. 


MAY 8-12, 1972 
Atlanta, Georgia 


THE MEDICAL AND SURGICAL 
TREATMENT OF 
CARDIOVASCULAR DISEASE 


Sponsors: 

The American College of Cardiology 
and 

The Council of Clinical Cardiology, 
American Heart Association 

and 

The Departments of Medicine, Surgery, 
Pediatrics, Pathology and Radiology, 
Emory University School of Medicine 
in cooperation with 

The Georgia Heart Association 


Program directors: 

J. WILLIS HURST, MD, FACC 
W. DEAN WARREN, MD, FACC 
Atlanta, Georgia 


We invite you to join us in the intro- 
duction of the problem-oriented post- 
graduate course. The symposium rep- 
resents the beginning of a new era in 
continuing medical education. The 
content of the program will be 
couched in the context of the prob- 
lem-oriented approach to medical 
education and patient care as pro- 
posed by Weed and others.** As 
years go by and more physicians use 
the problem-oriented record as a tool 
for improving education and patient 
care, then postgraduate courses will 
become more responsive to the 
needs of the physician. Furthermore, 
the physician will be able to translate 
what he learns to the care of his 
patients with greater facility. This 
particular program is designed to 
emphasize the second, third and 
fourth steps in the problem-oriented 
logic system: Data base — Problem 
list — Initial plan — Progress notes. 


1. Weed LL: Medical Records, Medical 
Education and Patient Care. Cleveland, 
Ohio, Case Western Reserve University 
Press, 1969 

2. Bjorn and Cross: Problem Oriented 
Practice. Chicago, Modern Hospital 
Press, 1970 

3. Hurst JW: How to implement the Weed 
system. Arch Intern Med, September 
1971 

4. The Problem-Oriented Record, Teaching 
Medicine and Patient Care (Hurst JW, 
Walker HK). MEDCOM, in press 


Guest faculty: 
Drs. W. Gerald Austen, Boston, Mass.; 
Roderick W. Childers, Chicago, Ill.; Jo- 


seph Lindsay, Jr., Washington, D. C. 
and James J. Morris, Jr., Durham, N. C. 


Local faculty: 


Drs. Dorothy E. Brinsfield, Vardaman M. 
Buckalew, Jr., Nathan H. Carliner, B. 
Woodfin Cobbs, I. Sylvia Crawley, James 
C. Crutcher, Mario Di Girolamo, Edward 
R. Dorney, William H. Fleming, Gerald 
F. Fletcher, Robert H. Franch, Charles 
A. Gilbert, Leon 1. Goldberg, Michael B. 
Gravanis, Charles R. Hatcher, J. Willis 
Hurst, Spencer B. King, R. Bruce Logue, 
Kamal Mansour, John L. McNay, Jr., 
Robert D. Milledge, Donald O. Nutter, 
E. Alan Paulk, Jr., William H. Plauth, Jr., 
Paul H. Robinson, Robert C. Schlant, 
Jonas A. Shulman, Mark E. Silverman, 
Robert B. Smith IH, John H. Stone, 
Panagiotis N. Symbas, Elbert P. Tuttle, 
Jr., Paul F. Walter, W. Dean Warren, 
Nanette K. Wenger, and Joseph A. 
Wilber 


* Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of 
Continuing Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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Location: 


All sessions will be held at the Royal 
Coach Motor Inn, Atlanta, Georgia. 


Fees: 
Members of ACC and the Council on 
Clinical Cardiology, $200; nonmembers, 
$250. 





MAY 12, 13, 1972 
Washington, D. C. 


COMPUTER APPLICATIONS IN 
ELECTROCARDIOGRAPHY 





Sponsor: 
The American College of Cardiology 


Program co-directors: 
C. A. CACERES, MD, FACC 
Washington, D. C. 


LEONARD S. DREIFUS, MD, FACC 
Narberth, Pennsylvania 


The program is designed to review 
the latest clinical information pertain- 
ing to computers in electrocardiogra- 
phy. The overall purpose of the pro- 
gram is to focus on the clinical 
knowledge that has been acquired as 
a result of utilization of computers in 
electrocardiography. By May of 1972 
there will be several centers of vari- 
ous types processing electrocardio- 
grams for at least a year and a half. 
More are coming. The experiences 
and the current results will be of in- 
terest from screening to intensive 
care. 

Many thousand electrocardiograms 
will have been computer-processed. 
The sessions will deal with programs 
available for clinical use, their prob- 
lems and the ethics of utilization of 


News in Brief 
New Members Elected 


The following individuals were elected 
to membership in the American Col- 
lege of Cardiology on November 10, 
1971 in the grade designated below: 


Fellowship 

AYERS, Charles R., MD, North Carolina 

BACOS, James M., MD, District of 
Columbia 

BURTON, Carl R., MD, Canada 

CUDKOWICZ, Leon, MD, Pennsylvania 

DAVACHI, Farzin, MD, Nigeria 

EBERT, Paul A., MD, New York 

EVANS, Gerald L., MD, Massachusetts 

FINK, Myron, MD, Ohio 
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computer-interpreted — electrocardio- 
grams. A component devoted to 
basics as it effects vectorcardiogra- 
phy and computers will be featured. 

Computer detection of arrhythmias 
will be covered and will be as up to 
date as possible. The participants will 
obtain background in: (a) appropriate 
use of computer electrocardiography 
in clinical care; (b) appropriate use 
of computer electrocardiography as 
a research tool; (c) appropriate sepa- 
ration of engineering from clinical 
medicine requirements in computer 
electrocardiography; (d) the future 
development of ethical requirements; 
and (e) beginning structure for stan- 
dardization in computer electrocar- 
diography. 


Faculty: 


Drs. C. Batchlor, Washington, D. C.; M. 
Belson, Washington, D. C.; J. Cornfield, 
Pittsburgh, Pa.; Lamar  Crevasse, 
Gainesville, Fla.; R. A. Dunn, Washing- 
ton, D. C; J. Enderle, Brussels, Bel- 
gium; Gerald Flichelli, Omaha, Nebr.; 
Samuel Fox, Washington, D. C.; W. K. 
Haisty, Washington, D. C.; Julian Hay- 
wood, Los. Angeles, Calif.; Howard M. 
Hochberg, Cranbury, N. J.; Gerald Kein, 
Chicago, lll; Bernard Lown, Boston, 
Mass.; Henry Neufeld, Tel Aviv, Israel; 
G. Charles Oliver, St. Louis, Mo.; Ken- 
neth Patton, Waltham, Mass.; Herbert 
Pipberger, Washington, D. C.; Leon 
Pordy, New York, N. Y.; Arthur E. Rikli, 
Columbia, Mo.; Otto Schmitt, Minne- 
apolis, Minn.; Ralph E. Smith, Roch- 
ester, Minn.; R. Stratbrucher, Omaha, 
Nebr.; Anna Lea Weihrer, Washington, 
D. C.; and J. Willems, Washington, D. C. 


Fees: 


ACC members, $95; 
$115. 


nonmembers, 


FISHMAN, Alfred P., MD, Pennsylvania 
GAGO, Otto, MD, Michigan 
GOODKIND, M. Jay, MD, Pennsylvania 
GOPINATH, Nagarur, MD, India 
GOULET, Claude, MD, Canada 
HEIMLICH, Donald L., MD, New York 
HERLOCHER, James E., MD, Michigan 
HUSNI, Elias A., MD, Ohio 
INDEGLIA, Robert A., MD, Rhode Island 
KIMBALL, John T., Jr., MD, Colorado 
LINDBERG, Evan F., MD, Minnesota 
McGARVEY, Joseph F. X., MD, Pennsyl- 
vania 
MALOOLY, Donald A., MD, Texas 
MANLEY, John C., MD, Wisconsin 
MARKS, Charles, MD, Louisiana 
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MAY 18, 19, 1972 
Indianapolis, Indiana 


HEART SOUNDS AND 
MURMURS: AN AUDIOVISUAL 
PRESENTATION 





Sponsors: 

The American College of Cardiology 
and 

Methodist Hospital Graduate Medical 
Center, Indianapolis, Indiana 


Program director: 


MORTON E. TAVEL, MD, FACC 
Indianapolis, Indiana 


In this program high fidelity tapes of 
various normal and abnormal sounds 
will be played into individual audio- 
phones. Simultaneous visual records 
will be made on an oscilloscope and 
on paper for projection. The program 
will include discussion of the physi- 
ology and clinical significance of all 
these sonic phenomena, together 
with instruction on interpretation of 
phonocardiograms and external pulse 
records. Sounds will be presented as 
“unknowns” during some audience 
participation sessions. 


Guest faculty: 

Drs. Alberto Benchimol, Phoenix, Ariz. 
and Modestino Criscitiello, Boston, 
Mass. 


Local faculty: 
Drs. Richard W. Campbell and Milton 
Gibson 


Fee: 
ACC members, $70; nonmembers, $90. 


NAGLE, John P., Jr., MD, Washington 

NIGHTINGALE, David S., MD, Kentucky 

OAKLEY, Celia M., MD, England 

OSTERMILLER, William E., Jr., MD, 
California 

PIERCE, William S., MD, Pennsylvania 

REEMTSMA, Keith, MD, New York 

SALYER, John M., MD, California 

SANO, Toyomi, MD, Japan 

SHIRKEY, Albert L., MD, Oklahoma 

SINHA, Sachchida N., MD, Illinois 

SOBEL, Burton E., MD, California 

SOTO, Benigno, MD, Alabama 

SUMMERALL, Charles P., MD, South 
Carolina 

SUZMAN, Moses M., MD, South Africa 
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TOMOMATSU, Tatsuya, MD, Japan 
WESTURA, Edwin E., MD, Missouri 


Associate Fellowship 
ANTANI, Jayant A., MD, India 
AUERBACH, Herman L., MD, Pennsyl- 
vania 
CREWS, Thomas L., MD, Georgia 
CUADROS, Hugo F., MD, Illinois 
*DAVACHI, Ali A., MD, New York 
DOUGLAS, John E., MD, Arkansas 
DOWLUT, Ahmad, MD, Mauritius 
EASON, Hamel B., MD, Tennessee 
*FISCHER, Donald C., MD, Ohio 
HARRIS, Clifford N., MD, California 
HOLLAND, William E., MD, Virginia 
HUNTINGTON, Peter P., MD, New York 
JONES, John E., MD, Texas 
KEEFE, John F., MD, Massachusetts 
KITZES, David L., MD, Rhode Island 
LICHSTEIN, Edgar, MD, New York 
*MALHOTRA, Jagdish C., MD, New York 





Personals _ 


Dale Groom, MD, FACC, director, Oklahoma Regional Medical Program (left) and 


MALOY, William C., MD, South Carolina 
MARTIN, C. Edwin, MD, Pennsylvania 
MARTINEZ-Pico, Amalia, MD, Puerto 
Rico 
MARTINEZ-Rios, Marco A., MD, Mexico 
MEHTA, Satchidanand, MD, Illinois 
MEISNER, Marvin H., MD, Pennsylvania 
MEYER, Jerry F., MD, District of Colum- 
bia 
NACHNANI, Gurbux H., MD, Maryland 
OLICHNEY, Michael J., MD, Virginia 
QUOCK, Collin P., MD, California 
RAMIREZ, Alberto, MD, Massachusetts 
ROITMAN, David Il., MD, Alabama 
SAWAYAMA, Toshitami, MD, Japan 
SCHRANK, Joel P., MD, Virginia 
SCHWIMMER, Julius, MD, New York 


Affiliate 


APONTE-Lopez, Jose A., MD, Venezuela 
BASU, Subrata K., MD, Connecticut 
CANTOR, Herbert C., MD, Michigan 

* CHAMBERS, James, MD, lowa 












* 


George Griffith, MD, FACC, senior cardiac consultant, Los Angeles, discuss cardio- 
vascular problems at a recent taping of a continuing education television pro- 
gram for physicians, ''Always on Tuesday,’’ KETV, Oklahoma City, Okla. 


Obituaries 


Our College, indeed our nation, has lost 
a great pioneer in medicine, a man who 
with ingenuity and with courage has left 
a deep imprint on medical history. He 
was a part of the very beginning of the 
ever accelerating medical progress of 
our own generation. 

Claude Schaeffer Beck was born in 
Shamokin, Pa., November 8, 1894. He 
took his bachelor’s degree at Franklin 
and Marshall College in 1916 and his 
MD degree at Johns Hopkins in 1921. 
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Franklin and Marshall awarded him a 
DSc. in 1937. His work in cardiac sur- 
gery began when he was Cabot Fellow 
in research surgery at Harvard and as- 
sociate surgeon at the Peter Bent 
Brigham Hospital in 1923 and 1924; 
the next year he went on to become 
Crile Fellow in surgery at Western Re- 
serve in Cleveland. 

Cleveland was the site of his subse- 
quent career. He held various positions 
in Cleveland hospitals, specializing in 


CONTRERAS-Leon, Adolfo E., MD, Mex- 
ico 

EPPARD, David A., MD, Massachusetts 

GERSHENGORN, Kent N., MD, Cali- 
fornia 

KERBER, Richard E., MD, lowa 

*LINARES-Cruz, Hector, MD, El Sal- 
vador 

MONROE, Ralph C., MD, Massachusetts 

MURGUIA-Suarez, Juan J., MD, Mexico 

NORRIS, Jay, MD, New York 

OLLIFF, Benjamin C., MD, Georgia 

SANCHEZ-Nino, Pablo E., MD, Mexico 

SCHLESINGER, Roberto, MD, Vene- 
zuela 

SMITH, McKamy, MD, Alabama 

SOLER-Planas, Mateo, MD, Mexico 

STENLUND, Roger R., MD, Minnesota 

URIBE-Longoria, Artemio, MD, Mexico 


*Individuals who were elected to 
membership in the American College 
of Cardiology on August 10, 1971. 


PAUL N. YU, MD, FACC, has been 
named president-elect of the American 
Heart Association. Dr. Yu, who will be 
installed as AHA president next Novem- 
ber, is Sarah McCort Ward Professor of 
Medicine and head of the Cardiology 
Unit at the University of Rochester 
Medical Center and a physician at the 
University's Strong Memorial Hospital, 
where the cardiology unit he directs in- 
cludes the coronary care unit and the 
myocardial infarction research unit. He 
is also a consulting cardiologist at 
Genesee and Highland hospitals, Roch- 
ester; the Veterans Administration Hos- 
ptal, Bath; the Newark-Wayne Com- 
munity Hospital, Newark, N. Y.; and the 
Frederick Thompson Hospital, Canan- 
daigua, N. Y. 


surgery of the heart as attending sur- 
geon and as consultant; he was one of 
the founders of the American Board of 
Thoracic Surgeons. For his aggressive 
pioneering work, especially in the Crile 
Veterans' Hospital, he was decorated 
with the Legion of Merit in 1945. 

Claude was elected an Honorary Fel- 
low of the College in 1955 and a Vice 
President in 1959. He was appointed 
chairman of the Committee on Resusci- 
tation by George Meneely and reap- 
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Dr. Beck 


pointed by Louis Bishop. Claude kept 
pressing for instruction in cardiac re- 
suscitation. The first on the scene in an 
emergency are always the ambulance, 
the police and fireman rescue crews, 
and they must be taught what and how 
to do when minutes count. A quarter 
of a century ago Claude Beck saw the 
need for training laymen to be medical 
assistants, a program that is a current 
idea in today's academia. In 1950 he 
started the courses; 2 days out of each 
month he turned his research labora- 
tory at Western Reserve University into 
a classroom with actual demonstration 
on live dogs to groups of medical and 
nonmedical students. In New York City 
the work was carried on by our own 
Paluel Flagg assisted by Robert Hosler, 
one of Beck's associates. Our College 
was involved and our Journal carried 
articles contributed by the Resuscita- 
tion Committee. 

By 1958 the record shows that al- 
most 2,000 people had taken these 
courses in monthly groups of about 
20. Beck kept records of patients who 
had been brought back to life; they had 
reunion meetings and took group pic- 
tures, “graduates of the mortuary.” 

A dramatic event was a country-wide 
closed circuit television program on No- 
vember 13, 1957, “Grand Rounds," 
watched by 30,000 doctors. Reports 
were beamed from London; Paul White 
made an address from Italy. Our 
Charles Bailey performed an endarterec- 
tomy before the cameras in Philadel- 
phia, and in Cleveland Claude and his 
research team did a “Beck 1" re- 
vascularization procedure, sprinkling 
Sterile asbestos powder directly on to 
the heart muscle. Both of these pro- 
cedures were “‘firsts,’’ performed by 
Fellows of the College for all the medi- 
cal world to see. 
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Last year, in Cleveland, Claude Beck, 
at age 75, suffered a stroke. This year 
on October 14, shortly before what 
would have been his 77th birthday, he 
died. For such a dynamic individual it 
is pleasant to remember that he was a 
compassionate and kindly person, a 
good friend, modest in accepting the 
honors that came to Him, and to the 
end a loyal Fellow of the College. 

PHILIP REICHERT, MD, FACC 
ACC Historian 


BURR C. BOSTON, MD, Waterloo, lowa, 
was born in that city February 1, 1899, 
and died June 18, 1971. He was a grad- 
uate of lowa State University and re- 
ceived his MD degree from the Univer- 
sity of Chicago. He began medical prac- 
tice in Waterloo in 1928 and retired 
April 1, 1971. He was a member of the 
Blackhawk County and the lowa Medical 
Societies and had been an affiliate of 
the American College of Cardiology 
since 1954. Dr. Boston is survived by 
his wife, who resides at 921 Fletcher, 

Waterloo, lowa. 
DONALD L. WARKENTIN, MD, FACC 
ACC Governor for lowa 


SAMUEL G. SHEPHERD, MD, FACC, 
Philadelphia, Pa., was born in Philadel- 
phia on July 4, 1880, and died on Sep- 
tember 10, 1971. He was educated in 
Philadelphia and was graduated from 
the Medico Chirurgical College of Phila- 
delphia, Department of Pharmacy in 
1900, and from the Medico Chirurgical 
Medical College in 1903. 

Dr. Shepherd was a member of many 
hospital staffs during his medical ca- 
reer, among them, the Harvard Univer- 
sity Hospital, Methodist Hospital, Jeffer- 
son Hospital, Graduate Hospital, and 
the Presbyterian Hospital. Dr. Shepherd 
received postgraduate training from 
1930 until 1945 at the University of 
Penna., Harvard University, Johns Hop- 
kins Hospital, University of Maryland, 
University of Minnesota, New York Uni- 
versity, Columbia University, and the 
Philadelphia General Hospital. At the 
time of his death, he was physician 
emeritus of the Presbyterian-University 
of Pennsylvania Medical Center. 

Dr. Shepherd was a member of the 
Philadelphia County Medical Society, 
the Pennsylvania State Medical Society, 
the American Medical Association, Phil- 
adelphia College of Physicians, Interna- 
tional Society of Internal Medicine, 
Pathology Society and Pediatrics So- 
ciety. He was past director of the Medi- 
cal Club of Philadelphia and past presi- 
dent of the Aesculapian Club, and a 
member of the ''50 Year Club of Ameri- 
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can Medicine." He was a Fellow of the 
American College of Physicians and had 
been a Fellow of the American College 
of Cardiology since 1951. 

Dr. Shepherd is survived by his 
widow, Mrs. Jeanette Adler Shepherd, 
301 S. 19th St., Philadelphia, Pa. 

SAMUEL BELLET, MD, FACC* 
ACC Governor for Eastern Pennsylvania 


HERBERT UNTERBERGER, MD, FACC, 
Drexel Hill, Pa., was born in Wilkes 
Barre, Pa. on June 13, 1920 and died 
on April 5, 1971. He obtained his MD 
degree from the Jefferson Medical Col- 
lege in 1945. In addition, he obtained 
a MSc degree in internal medicine from 
the University of Pennsylvania in 1951. 
He was a graduate student in internal 
medicine from 1948 to 1949 at the 
University of Pennsylvania, a Fellow in 
internal medicine from 1949 to 1951 
and a Fellow in Cardiology from 1951 
to 1952 at the Woman's Medical College 
Hospital of Philadelphia. 

Dr. Unterberger was associate pro- 
fessor of medicine at the Woman's 
Medical College of Philadelphia; direc- 
tor of medicine of the Haverford State 
Hospital; chief of medicine, Haverford 
Hospital; assistant chief of medicine, 
Philadelphia General Hospital; attend- 
ing physician, Veterans Administration 
Hospital; attending physician and chief 
of medicine of the Delaware County 
Memorial Hospital; and chief of cardi- 
ology, Valley Forge General Hospital. 
Dr. Unterberger was a member of the 
American Medical Association, Ameri- 
can Heart Association and a Fellow of 
the American College of Physicians. He 
had been a Fellow of the American Col- 
lege of Cardiology since 1963. 

He is survived by his wife, Mrs. 
Cherie Unterberger, 271 Wiltshire Rd., 
Philadelphia, Pa. 19151. 


SAMUEL BELLET, MD, FACC* 
ACC Governor for 
Eastern Pennsylvania 


* Dr. Bellet died on December 13, 
1971. 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY AUDIO TAPE PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 





pe LN m eem MN 
THE AMERICAN COLLEGE OF 
CARDIOLOGY EXTENDED STUDY SERVICES 








An audio cassette tape service which brings 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of 
cardiovascular disease to its subscribers each month. Panel discussions, 
interviews with noted authorities, self-assessment, 35 mm slides 

and a monthly personal continuing education notebook are suppliec 
as part of this exciting professional service. 


Join the more than 3,000 subscribers who are listening each month. 


Vol. 4, No. 2 February 1972 
Voice for ACCESS® — E. Grey Dimond, M.D. 
Side 1 


Physician Self-Assessment: Prinzmetal’s Angina 
Bernard Lown, M.D. and Suzanne B. Knoebel, M.D. 
The Passing Scene—Franklin D. Johnston, M.D. 
Book Review 
E. Grey Dimond, M.D. 
Scanning the Literature 
E. Grey Dimond, M.D. 


Side 2 
Management of Combined Cardiac and Pulmonary 
Failure 
A Panel Discussion—Gerald Baum, M.D. and Myron 
Stein, M.D. Moderated by Alfred Soffer, M.D. 


Are Cardiovascular Deaths Caused by Some 

Broncho-dilators Secondary to the Propellant or 

the Medication? à 
Israel Bruderman, M.D. and Alfred Soffer, M.D. E. Grey Dimond, 


Scanning the Literature M.D., F.A.C.C. 
E. Grey Dimond, M.D. ACCESS? 
Editor-in-Chief 





E. GREY DIMOND, M.D. JAMES E. CROCKETT, M.D. 
Editor-in-Chief Associate Editor 


SUZANNE B. KNOEBEL, M.D. 
Associate Editor l 





Please enter my one year (12 issues) subscription to ACCESS® 


| enclose $——————— for the plan checked below: Name 
(Please print) 
PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER "e Street 
[] ACC member, $105 
[] Non-member, $115 ————————————— BN 
US. findi City State Zip Code 
PLAN B i ; 
CASSETTE TAPES ONLY ábbi 
[] ACC member, $60 Check n to the riri M of Cardiology should 
2 accompany this application and be forwarded to: ACCESS,® American 
[] Non member, $70 College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 29014. 
(U.S. Funds) Payment in full must accompany all subscription orders. 
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the clinical management of cardiogenic shock... 
Cardiassist jjj 


CARDIASSIST is an external pressure circulatory assist device for producing counterpulsation to augment cardiac output, 
preferentially perfuse the myocardium and enhance perfusion of other vital organs in the treatment of myocardial ischemia and the 
management of cardiogenic shock. Unlike other earlier modalities of circulatory assist by counterpulsation, CARDIASSIST requires no surgical 
intervention or sterile procedures, no anesthesia or anticoagulants, and produces no measurable trauma. It is portable, quiet in operation, 
and can be applied in minutes, making it entirely compatible for use in emergency situations. 


For more detailed information on the CARDIASSIST method of external pressure circulatory assist, write Medical Innovations, Inc., 
Dept. AJC , 69 Hickory Drive, Waltham, Mass. 02154. Telephone (617) 890-4266. Cable Address: MEDINCORP, Waltham, Mass. U.S.A. 


oe eye) MEDICAL 
| INNOVATIONS, 
INC. 








THE AMERICAN 


Now AVAILABLE ! ! 


This helpful reference work contains, indexed by 
subject and author, all material (including sym- 
posia) that appeared in THE AMERICAN JOURNAL 
OF MEDICINE from July 1966 through June 1971. 


One of the most useful features of this service is 


JOURNAL OF MEDICINES | "52m sms monat eene s 


9 YEAR 


Remember please that the index will inciude a 
complete indexing of all material that appeared in 


CUMULATIVE INDEX | omnem 


JULY 1966—JUNE 1971 


THE AMERICAN JOURNAL OF MEDICINE’s 5 Year 
Cumulative Index will greatly increase the practi- 
cal value of your file copies of the Journal. You will 
also find the index an important contribution to 
your reference library—covering as it does a pe- 
riod of dramatic advancement in the field of inter- 
nal medicine. 


To receive your copy of this limited edition—fill in the order form—tear off—attach remittance 


and mail. 
tino ei, 
| THE AMERICAN JOURNAL OF MEDICINE | 
| 466 LEXINGTON AVENUE, NEW YORK, N.Y. 10017 | 
5 YEAR | Please send copy(ies) of THE AMERICAN JOURNAL OF MEDICINE s | 
| 5 Year (July 1966—June 1971) Cumulative Index—Priced at 7.50* each. | 
CUMULATIVE | [] Payment enclosed 
| | 
INDEX I dum | 
Address —————————— | 
| | 
| City State Zip Code | 
| *For delivery in New York State please add appropriate sales tax. In New York l 
| City 796. | 
| | 
I 
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applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 
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pocket-size 


bask’ CARDIAC SENSOR 
identifies arrest 
in 3 seconds 





use it d 
anywhere ^ 


1. Shows five important diagnostic 
rhythms: Ventricular fibrillation, asys- 
tole, sinus, idioventricular rhythm, or 
tachycardia. 


2. Instant response — less than three 
seconds. 


3. No limb leads, electrode paste or 
patient preparation. 


4. Simplicity — nurses, LPN s,andother 
paramedical personnel quickly learn to 
use the QRSstat. 


5.: Patient safety — battery operated. 


6. Small size —fits doctor's bag. 


Send or phone your order this week or 
write for information. Available solely from 
Instromedixanditsrepresentatives through- 
out the U.S. and Canada. (503) 228-4384. 


INSTROMEDIX,INC. 


2330 N.W.Flanderse Portland, Ore. 97210 


VISIT US IN BOOTH 286 at 
The American College of Cardiology 
meetings. 


See Instromedix's new QRSstat Cardiac Sensor 
and the unique Cardio-call system which pro- 
vides real-time ECG telemetry for documenting 
transient disturbances of heart rate and 
rhythm. 
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COMPUTERIZED 





MENNEN-GREAT BATCH 


OINTORING... 





Hardware, Software and Personnel 
for Total System Responsibility 


Computerized patient monitoring systems are a reality at 
Mennen-Greatbatch. We have all the elements needed for 
the successful application of computerized monitoring in 
your hospital. First, we have the proven hardware. Second, 
we have the proven software. Third, we have the experi- 
ence and the specialized personnel to assume total system 
responsibility. 


Mennen-Greatbatch has participated in the development 
and application of computerized patient monitoring for over 
two years. We are currently delivering systems that in- 
clude computer consoles such as the one shown above. Our 
ARGUS/SENTINEL* computer program for arrhythmia 
monitoring is self-learning, establishing norms from the 
context of an individual patient's ECG. It monitors 6 patients 
simultaneously with a single, mini-computer console. And 
our system does not require the frequent attention of hos- 
pital personnel for operation. 


Send forour "Computerized Monitoring Supplement” which 
gives additional information and photographically illus- 
trates a typical computerized monitoring system. Contact 
your local MG representative or Mennen-Greatbatch 
Electronics, Inc., Clarence, N. Y., 14031 U.S.A. 


*Based on the work of the Biomedical Computer Laboratory and the Department of 
Medicine of the Washington University School of Medicine and the Coronary Care 
Center of Barnes Hospital, St. Louis, Missouri. 


MENNEN-GREATBATCH 





Computerized monitoring is 
just one example of current 
progress at Mennen-Greatbatch. 
As a specialist in the develop- 
ment and manufacture of physio- 
logical monitoring equipment and 
systems, MG offers the latest 
technology and quality instru- 
mentation in many areas. Among 
these are: 


Advanced Isolated Inputs 
e Versatile Non-Fade Waveform Displays 


Digital Meter Displays 


Pediatric Monitoring Systems 
Fetal Monitoring Systems 


Defibrillators 


Mobile Patient Monitors and 
Emergency Monitors 


Monitoring and Resuscitation Equipment 
for Emergency and Rescue Vehicles 


Illustrated literature and detailed specifica- 
tions are available. MG sales and service 
representatives, located worldwide, will ar- 
range product or system demonstrations. In 
principal U.S. cities MG representatives are 
listed in the Yellow Pages under Hospital 
Equipment and Supplies. 





“The drug of choice 
for oral replacement of potassium 
IS potassium chloride solution." 


^ 






"AMA Drug Evaluations 1971, 
First Edition, Chicago, 
American Medical Association, p. 121. 


Kay Ciel Elixir is potassium chloride 
...and it tastes good, too! 


Composition: Each 15 cc. (one tablespoonful) contains potassium chloride 1.5 Gm., supplying 20 mEq. of 
elemental potassium, in a cherry-flavored, palatable base, alcohol 496. Contains no suger 

Indications: Treatment of potassium deficiency occurring especially during thiazide diuretic or corticosteroid 
therapy, digitalis intoxication, low dietary intake of potassium or as a result of excessive vomiting and diarrhea. 
Contraindications: Impaired renal function, untreated Addison's Disease, dehydration, heat cramps, 

and hyperkalemia. 

Precautions: Potassium chloride should be administered with caution and adjusted to the requirements of the 
individual patient, since the amount of deficiency and corresponding daily dose is often not known. Excessive or 
even therapeutic dosages may result in potassium intoxication. Patients should be frequently checked and periodic 
ECG and/or plasma potassium levels made. High plasma concentrations of potassium ion may cause cardiac 
depression, arrhythmias or arrest. Use with caution in patients with cardiac disease. In hypokalemic states, attention 
should be directed toward the correction of the frequently associated hypochloremic alkalosis 

Side Effects: Vomiting, nausea, abdominal discomfort and diarrhea may occur. Symptoms and signs of potassium 
intoxication include listlessness, mental confusion, paresthesia of the extremities, weakness of the legs, 

flaccid paralysis, fall in blood pressure, cardiac arrhythmias, and heart block. When hyperkalemia exists, it should 
be promptly treated with the discontinuance of potassium administration or other steps to lower serum levels if 
indicated, since sudden shift in plasma levels may induce potentially dangerous cardiac arrhythmias 

Dosage and Administration: Adults, one tablespoonful (15 cc.) diluted in one glass of water, twice daily after the 
morning and evening meal. Larger doses may be indicated according to the individual patient's requirements 


but should be administered under close supervision due to the possibility of 

potassium intoxication. Patients should be cautioned to follow directions 

explicitly in regard to dilution of Kay Ciel Elixir to prevent gastrointestinal injury. OO (^ 
How Supplied: One pint and one gallon bottles. 


Cooper Laboratories, Inc., Wayne, New Jersey 07470 
Ste. Therese, P.Q., Canada 
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Beta Adrenergic Blockade 


Electromagnetic Techníques in Blood Flowmetry 
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when quinidine is indicated 
formaintaining normal sinus rhythm 


following conversion by other techniques 


Pom A 
Quinaglute Dura-labs* 


(quinidine gluconate) 5gr(0.33 Gm) 


Quinaglute maintenance—what it means to your patients night... and day 
B fewer tablets to take 

E no need for middle-of-the-night doses 

B few gastrointestinal upsets 


Quinaglute maintenance—what it means to you night... and day 
B prolonged control without peaks and valleys 
E helps prevent premature ventricular contractions in the early morning hours 


gw helps prevent early morning reversion in atrial fibrillation 
after normal sinus rhythm has been established by other techniques 


Indications: For the prevention of premature atrial, nodal cr ventricular contractions. For maintenance of normal sinus rhythm following conversion by other 
techniques of atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or chronic). 

Contraindications: Same as for other forms of quinidine, including partial A-V or complete heart block; intraventricular conduction defects, especially marked QRS 
widening; sensitivity to quinidine; renal disease with significant azotemia; development of cardiotoxic effects (conduction defects or ventricular premature beats, 
ventricular tachycardia, or flutter) while taking the drug; marked cardiac enlargement with congestive failure; poor renal function especially with tubular acidosis. 
Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, ad- 
minister preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in patients with severe heart disease, congestive heart failure, digitalis 
intoxication, renal insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for close observation, ECG monitoring and possibly plasma 
quinidine levels) indicated when administering large doses with patients presenting increased risk. With the dosage regimen (see ‘‘Dosage’’) of 2 tablets every 
8 hours, higher blood levels than necessary for maintenance of normal sinus rhythm could be reached, whereas with 1 tablet every 12 hours, the blood levels 
may be too low to maintain normal sinus rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism at once (including tinnitus, decreased auditory acuity, vertigo, blurred vision, color 
perception disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual fields, mydriasis, and respiratory distress); the drug should be dis- 
continued immediately if such symptoms or evidence of hypotension occur. If gastrointestinal disturbances (rarely reported) occur, they may be minimized by 
administering the drug with food, or if they persist, dosage shoud be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and cardiovascular state of the patient. The quantity and frequency of administra- 
tion must be determined for each patient. For the prevention of premature atrial, nodal or ventricular contractions, the dose usually ranges from 1 to 2 tablets 
every 8 or 12 hours. For maintenance of normal sinus rhythm following conversion by other techniques of atrial fibrillation, tachycardia or flutter, 2 tablets 
every 12 hours or 112-2 tablets every 8 hours are usually required. The occasional patient may be maintained in normal rhythm on a dosage of 1 tablet every 
12 or 8 hours. Occasionally larger or more frequent dosage may be required, but such increases should be used only after thorough evaluation of the patient, 
including serial electrocardiograms and determination of plasma quinidine levels. The ideal dosage is the minimum amount of total dose and frequency of daily 
administration that will prevent premature contractions, paroxysmal tachycardias, and maintain normal sinus rhythm. Supplied: Bottles of 100 and 250 tablets. 


COPE cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A. Ste. Therese, P.Q., Canada 
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in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse effects 


in postoperative patients: less circulatory depression 
with Talwin 

In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 patients 
receiving morphine; in 5.4% of 168 patients receiving 
Talwin.! 


.. and in other patients: less respiratory and circulator 

depression with Talwin 
In a double-blind study of 3 narcotic analgesics and 

Talwin in 118” patients with suspected acute myocardial 
infarction, Talwin caused a significantly lower incidence 
in the fall of systolic blood pressure than the 3 narcotic 
when the initial pressure was 120 mm. Hg or higher. 
Unlike the narcotics, Talwin caused a statistically 
significant rise in the systolic blood pressure of patients 
with initial pressures of less than 120.2 


In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear that 
pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” % 


..and less of other adverse effects associated with 
narcotic analgesics 
Compared to morphine, Talwin is relatively free fron 
urinary retention and constipation. 


Is less likely to cause nausea, vomiting and diaphore 
sisthan meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths — all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to patients’ 
needs throughout the course of therapy. Most 
studies indicate that the higher dosage strengths 
produce little, if any, increase in the incidence of 
adverse reactions. 


References: 1. Wallace, George: /nt. Surg. 53:135, Feb. 1970. 
2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 
3. Davie, |. et al.: Brit. J. Anaesth. 42:113, Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 


injectable 


A LETIS 
aur M 


liéntazocine A to severe pain 


ERBETH CI 





been observed 
* not subject to narcotic controls 
Contraindications: Talwin should not be ad- 
ministered to patients who are hypersensitive 
to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevating 
cerebrospinal fluid pressure may be markedly 
exaggerated in the presence of head injury, 
other intracranial lesions, or a preexisting 
increase in intracranial pressure. Furthermore, 
Talwin can produce effects which may obscure 
the clinical course of patients with head in- 
juries. In such patients, Talwin must be used 
with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been 
established. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used anal- 
gesics. Talwin should be used with caution in 
women delivering premature infants. 

Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-ad- 
ministered, the physician should take precau- 
tions to avoid increases in dose and frequency 
of injection by the patient and to prevent the 
use of the drug in anticipation of pain rather 
than for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is rein- 
stituted it should be done with caution since 
the acute CNS manifestations may recur. 
Usage in Children. Because clinical experience 
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Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehension, 
anxiety, dizziness, sleepiness) from the usual 
clinical dose, and may be the result of de- 
creased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the 
sphincter of Oddi, the drug should be used with 
caution in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are — respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gas- 
trointestinal: taste alteration, diar- 
rhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, 
miosis; other: tachycardia, nodules 
and ulceration at injection site, 
weakness or faintness, chills, mod- 
erate transient eosinophilia, aller- 
gic reactions including edema of 
the face. 
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Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in excess 
of 30 mg. intravenously or 60 mg. intramuscu- 
larly or subcutaneously are not recommended. 
Total daily dosage should not exceed 360 mg. 
As with most parenteral drugs, when frequent 
daily injections are needed over a prolonged 
period, intramuscular administration is prefer- 
able to subcutaneous. In addition, constant ro- 
tation of injection sites (e.g., the upper outer 
quadrants of the buttocks, mid-lateral aspects 
of the thighs, and the deltoid areas) is recom- 
mended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may 
be given two or three times at two- to three- 
hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Cverdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. If naloxone is not 
available, parenteral administration of the ana- 
leptic, metnylphenidate (Ritalin®), may be of 
value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.), 1V» ml. 
(45 mg.), and 2 ml. (60 mg.), each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. sodium 
chloride, in water for injection. Boxes of 10, 
25, and 100. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
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CLINICAL STUDIES 


315 Circulatory Effects of Practolol 
ROBERT E. FINEGAN, ANTHONY M. MARLON and DONALD C. HARRISON 


This study of the hemodynamic effects of practolol, a relatively selective beta adrenergic blocking agent with 
more negative chronotropic than negative inotropic effects, demonstrates that this drug used in appropriate doses 
in patients with heart disease produces competitive beta blockade without concomitant deterioration of ventricu- 
lar function. In low doses the drug appeared to augment the contractile state of the heart. 


323 Evaluation of Left Ventricular Function from Isovolumic Pressure Measurements 
During Isometric Exercise 


HANS PETER KRAYENBUEHL, WILHELM RUTISHAUSER, 
MANFRED SCHOENBECK and IVO AMENDE 


During handgrip left ventricular systolic pressure, end-diastolic pressure and heart rate increased significantly 
in 2 groups of patients undergoing diagnostic cardiac catheterization; group 1, 13 patients without or with mini- 
mal loading of the left ventricle, and group 2, 11 patients with a primarily pressure-loaded left ventricle or 
coronary heart disease. The increase in left ventricular end-diastolic pressure, was far greater in group 2. It is 
concluded that the primary response of the normal or near normal left ventricular myocardium to an acute load 
produced by handgrip is an enhancement of the contractile state, whereas the compromised left ventricular 
myocardium characteristic of patients in group 2 probably utilizes the Frank-Starling mechanism to generate 


increased pressure. 


331 Cardiac Arrhythmias Observed During Maximal Treadmill Exercise Testing in 
Clinically Normal Men 


PAUL L. McHENRY, CHARLES FISCH, JOHN W. JORDAN and BETTY R. CORYA 


This study of 650 men aged 25 to 54 years demonstrates that arrhythmias, usually transient and in the form of 
unifocal ventricular or supraventricular premature contractions, are quite common during strenuous exercise 
testing in men without clinical evidence of heart disease. Patients with definite or suspected cardiovascular 
disease experience a greater incidence of frequent ventricular premature contractions, multifocal ventricular 
premature beats and ventricular tachycardia. The appearance of unifocal ventricular premature contractions 
during maximal or near maximal exercise testing does not indicate clinically significant cardiac disease. 


337 The QRS Loop in Left Anterior and Posterior Hemiblocks. Vectorcardiographic Study During 
Selective Coronary Arteriography 


FRANCISCO FERNANDEZ, JOSEPH HELLER, GIAM-PAOLO TREVI, 
SERGE RABENOU, LUCIEN SCEBAT and JEAN LENEGRE 


Selective coronary arteriography in 26 patients induced transient left intraventricular hemiblocks which were 

y studied vectorcardiographically. Changes in the QRS loops and terminal QRS vectors are described. These 

PN help to clarify the changes occurring in cases of marked left axis deviation, “periinfarction block" and left or 
right bundle branch block with QRS axis deviation. 
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* A built-in ECG paper writer that is designed to AHA recommendations and can be used 
independently for 12-lead ECG's 
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e A unique, optional S-T segment computer/display that computes and numerically displays S-T 
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344 The Incidence and Mortality of Intraventricular Conduction Defects in 
Acute Myocardial Infarction 


‘ * 
A 


JACQUES J. COL and SYLVAN L. WEINBERG 


Intraventricular conduction defects during sinus mechanisms developed in 24 percent of 212 consecutive cases of 
acute myocardial infarction observed in a coronary care unit. Patients with these defects (QRS prolongation, 
incomplete bilateral bundle branch block) had a higher mean age and greater mortality (47 percent) than for the 
entire series. Left anterior hemiblock, the most innocuous defect observed, occurred in 9.4 percent of the 
patients and resulted in an in-hospital mortality rate of 25 percent, which was statistically not different from the 


mortality rate in the entire series. 


351 Aberrancy of Junctional Escape Beats. Evidence for Origin in the Fascicles of the 
Left Bundle Branch 


RASHID A. MASSUMI, GUNGOR E. ERTEM and ZAKAUDDIN VERA 


This study of the aberrancy of so-called atrioventricular junctional escape beats in 5 patients using His bundle 
electrography in 3, establishes the escape focus in 1 of the 2 fascicles of the left bundle branch. Beats displaying 
right axis deviation arise in the superior division; those with left axis deviation arise in the inferior division. 
There is bidirectional propagation of escape beats simultaneously toward the ventricular myocardium and 
retrograde toward the main His bundle. 


360 The Preoperative and Operative Assessment of Aortic Regurgitation. Cineaortography vs. 
Electromagnetic Flowmeter 


ROBERT G. MENNEL, CLAUDE R. JOYNER, Jr., PAUL D. THOMPSON, RICHARD R. PYLE 
and HORACE MACVAUGH III 


Quantitative measurement of aortic regurgitant blood flow by the use of a sine wave electromagnetic flowmeter 
applied to the ascending aorta of 25 patients during thoracotomy reveals that the severity of aortic regurgitation 
may differ greatly from that estimated preoperatively by supravalvular cineaortography. A more reliable 
method than supravalvular cineaortography is required for the accurate preoperative assessment of the hemo- 
dynamic severity of aortic regurgitation. 


EXPERIMENTAL STUDIES 


367 The Subendocardial Lymphatics of the Canine Heart. A Possible Role of the Lymphatics in the 
Genesis of Conduction Disturbances and Arrhythmias 


HERMAN N. UHLEY, SANFORD E. LEEDS, MARY ANNA SUNG with the technical assistance of 
SHANTILAL PATEL and ENRIQUE LOBOS 


The subendocardial lymphatics of the canine right ventricle traverse the main right bundle at many levels anc 
intersect with longitudinal lymphatics following the course of the bundle. It is suggested that the lymphatic: 
may play a role in pathologic lesions involving the conduction system, either by direct involvement, or indirectly 
by carrying a large concentration of potassium from remote damaged areas. The potassium effect may b: 
manifested by a conduction defect or development of arrhythmias. 


372 Electrical Properties of the Thoracic Veins 


DOUGLAS P. ZIPES and RUSSELL F. KNOPE 


This preliminary study in dogs demonstrates that electrical stimuli delivered to the venae cavae and the azygo 
and pulmonary veins conduct to the atrium with electrical properties similar to those of atrial muscle. It i 
quite likely that atrial muscle extends for a distance into these veins. 
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Courtesy of Cardio-Dynamics Laboratories, Inc. 


A 53-year-old male physician with a history of coronary 
artery disease had symptoms consistent with a recurrent 
tachyarrhythmia which was not confirmed by routine 
electrocardiography. Therefore, the attending physician 
ordered a continuous, 12-hour dynamic electrocardio- 
gram (DCG). 


During the first 7 hours, the recording demonstrated 
occasional multifocal ventricular premature complexes, 
sinus tachycardia, and abnormal repolarization. At 5:00 
PM. (see second strip) the onset of a supra-ventricular 
tachyarrhythmia occurred and did not Mud, Mi 5:25. 
During this entire episode, the patient was atching a 
basketball game on T.V. and was completely asympto- 
matic. However, the continuous DCG recording con- 
firmed the attending physician's suspicions of serious 
arrhythmia. 
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THE CLINICAL VALUE OF DCG 
HEART MONITORING 







(1) Dynamic Electrocardiography (DCG) has in- 
creased the practicing physician’s diagnostic capa- 
bility significantly, especially when he is confronted 
with arrhythmic and ischemic heart conditions of a 
transient nature. Over forty professional papers have 
been published by using physicians attesting to the 
value of DCG, and more than 1500 Holter monitoring 
systems are currently in use. 





(2) Physicians throughout the world are reporting 
that DCG is especially valuable in cases of arrhyth- 
mias or intermittent anginal episodes . . . for evaluat- 
ing pacemaker function, drug therapy, or vague symp- 
toms such as lightheadedness and dizziness... or 
for post-coronary care follow-up. 


(3) Three, lightweight, portable Holter monitoring re- 
corders are now available that will make continuous 
DCG recordings for 4, 12, or 24 hours, while the sub- 
ject pursues his usual daily activities. 


(4) Rapid scanning equipment is also available that 
will play back every heart beat recorded for a 4,12 
Or 24-hour period in just 4, 12, or 24 minutes and 
allow the immediate ECG printout of any abnormal 
event. 


(5) The medical value of Dynamic Electrocardiogra- 
phy is well established; and we would be pleased to 
discuss the ease of economic justification with you. 


For more information, return the coupon below. 
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377 Magnesium Sulfate in Digitalis Toxicity 


MARTIN S. NEFF, SAUL MENDELSSOHN, KWAN E. KIM, STANLEY BANACH, 
CHARLES SWARTZ and ROBERT H. SELLER 


This dog study demonstrates that a high level of magnesium concentration may overcome the acetyl strophan- — 
thidin-induced inhibition of transport adenosine triphosphatase. This action may explain the value of mag- - 
nesium sulfate in the treatment of digitoxic arrhythmias associated with hypomagnesemia. The data also sug- - 
gest that factors independent of potassium loss from the myocardium also underlie the development of some — 
digitoxic arrhythmias since arrhythmias occurred in 60 percent of the animals despite blocking of potassium - 


egress from the myocardium. 


METHODS 


383 Clinical Studies with a Solid State Fiberoptic Oximeter 
JAMES S. COLE, WAYNE E. MARTIN, PETER W. CHEUNG and CURTIS C. JOHNSON 


The capacity of this new fiberoptic catheter oximeter to measure oxygen saturation and pressure continuously - 
for 72 hours without withdrawal of blood samples or heparinization of the patient makes it useful in selected 


critically ill subjects. Special precautions to prevent destruction of the fibers, some problems with catheter size, — 


blood clot formation on the catheter and limitations in interpretation of data are discussed. 


389 Reliability and Normal Variations of Computer Analysis of Frank Electrocardiogram by 
Smith-Hyde Program (1968 Version) 


ROBERT A. BRUCE, STEPHEN R. YARNALL with the assistance of ROBERT STRATBUCKER, 
GLADYS PETTIT, VERONA HOFER and DONOVAN J. THOMPSON 


The computer analysis of the Frank X, Y and Z leads using the Smith-Hyde analytical program in 334 healthy 
persons and 39 patients with heart disease provided an overall sensitivity of 76 percent for true positives (ab- 
normal electrocardiograms) and specificity of 75 percent for true negatives (normal electrocardiograms) for the 
perdominantly normal case material used in this study. These results indicate a need for continuous surveillance 
of all records by a cardiologist to assure quality control and to avoid the risk of *computerogenic heart disease" 
and anxiety of a patient. 


REPORTS ON THERAPY 


397 Effect of Sotalol on Clinical Arrhythmias 
RAVI PRAKASH, WILLIAM W. PARMLEY, HOWARD N. ALLEN and JACK M. MATLOFF 


In clinical testing, Sotalol, a new beta adrenergic blocking agent, proved efficacious in terminating, preventing or 
controlling 22 episodes of supraventricular and 6 episodes of ventricular tachycardia in 20 patients. This drug 
appears to be a moderately effective antiarrhythmic drug; its lack of substantial myocardial depressant effects 
may make it preferable in some conditions to other beta adrenergic blocking agents. Side effects requiring a 
reduced dose included transient hypotension in 3 patients and bradycardia in 4. 


SEMINAR ON CLINICAL APPLICATION OF TECHNIQUES TO MEASURE BLOOD 
FLOW IN MAN. PART Ill 


401 Velocity and Flow Measurements by Electromagnetic Techniques 
PAUL D. STEIN 


This review of electromagnetic flowmetry emphasizes the cardiovascular applications of velocity and flow mea- - 
surements in patients and discusses a variety of electromagnetic catheter tip devices and their potential ap- - 


plicability to patient care. 
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CASE REPORTS 
408 Asymptomatic Rapid Ectopic Tachycardia Induced by and Persisting During Prolonged Exertion 


HAROLD L. RUTENBERG and LOUIS A. SOLOFF 


This case report illustrates the therapeutic dilemma not only of the physician but also of this 39 year old healthy 
patient with paroxysmal prolonged ventricular or atrioventricular junctional tachycardia at a rate of 214 beats/ 
min during strenuous exertion in the upright position. The cause of this arrhythmia is uncertain. 


412 Congenital Complete Atrioventricular Heart Block. A 25 Year Follow-Up Study 
| ROBERT A. CORNE and FRANCIS A. L. MATHEWSON 


Experience with this 48 year old pilot with congenital complete heart block followed up for 25 years supports the 
impression of an excellent prognosis for this condition, provided there is no associated congenital structural 
heart disease. The QRS complexes are supraventricular in configuration, and the disorder is not familial. 


416 Factors Influencing Longevity in Adults with Congenital Complete Heart Block 
MALCOLM M. McHENRY 


Only 3 of 8 adult patients with presumably congenital complete heart block remain without important symptoms, 
thus indicating that this condition is not benign and may rival acquired heart block in complications. Those 
with symptoms required permanent pacemakers. Further study suggests that these patients may have not only 
an anatomic disturbance of conduction but also depression of impulse formation in a low junctional pacemaker. 
Impaired autonomic activity appears to progress with age and is manifested by a failure to respond to intra- 
venously administered atropine and by a reduced sympathetic response of heart rate to effort. 


422 Aneurysm of the Nonpatent Ductus Arteriosus 
M. WAYNE FALCONE, JOSEPH K. PERLOFF and WILLIAM C. ROBERTS 


As in this illustrative case, about two thirds of aneurysms of the nonpatent ductus arteriosus occur in infants less 
than 2 months old. Operative resection appears to be indicated because rupture, embolism, infection or other 
complications tend to develop in almost half of the patients with this condition. 


DIAGNOSTIC SHELF 
427 Respiratory Variation of Left Ventricular Ejection Time in Patients with Pericardial Effusion 
WILLIAM H. CARTER, HENRY D. McINTOSH and EDWARD S. ORGAIN 


Left ventricular ejection times measured by external carotid pulse tracing in 2 patients with pericardial effusion 
and at most only an equivocal paradoxical pulse showed a 50 msec variation during respiration at a constant 
heart rate. Respiratory variation of left ventricular ejection time in control subjects was only 10 msec. 


EDITORIALS 
432 Beta Adrenergic Blockade, 1972. Pharmacology and Clinical Uses 
DONALD C. HARRISON 


436 Action and Nomenclature of Nitroglycerin and Nitrate Esters 
JOHN C. KRANTZ, Jr. 
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A short-acting diuretic may ‘he ; right f for acute 


pulmonary edema. 
p But. ; ; 3 
For cardiac edema, edema associated with renal — 
or hepatic disease, and for early essential hyper- 
tension, long-acting Hygroton eliminates water à 
promptly and copiously, yet usually avoids severe i 
flushing of the patient's system. In older patients i 
especially, excessive diuresis can lead to problems of 4 
dehydration with resultant reduced blood volume, A 
¿circulatory collapse, possible thrombosis or 


‘embolism. 
Long-acting Hygroton also offers the convenience | 
and economy of once-a-day dosage-often particularly. 
important to your older patients. 
Hygroton. 100 mg. tablets. Once daily. 


BRIEF SUMMARY 
Indications: Edema, hypertension. Contraindica- 
tions: Hypersensitivity and most cases of severe renal or hepatic 
diseases. Warnings: With the administration of enteric-coated 
potassium supplements, which should be used only when 
adequate dietary supplementation is not practical, the possi- 
bility of small-bowel lesions (obstruction, hemorrhage, and 
E perforation) should be kept in mind. Surgery for these lesions 
` has been required frequently and deaths have occurred. Discon- 
tinue enteric-coated potassium supplements immediately if 
abdominal pain, distention, nausea, vomiting, or gastrointes- 
tinal bleeding occur. Use with caution in pregnant women and 
nursing mothers since the drug crosses the placental barrier and 
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potassium supplements given, provided the patient does not 
have marked oliguria. Take special care in cirrhosis or severe 
ischemic heart disease and in patients receiving corticosteroids, E 
ACTH, or digitalis. Severe salt restriction is not recommended. 
Adverse Reactions: Anorexia, nausea, vorniting, gastric ee 
irritation, cramping, constipation, headache, dizziness, weak- igh 
ness, restlessness, transient myopia, muscle cramps, dysuria, 2 
impotence, orthostatic hypotension (which may be potentiated 

by alcohol, barbiturates or narcotics); rare idiosyncratic reac- 

tions such as aplastic anemia, leukopenia, thrombocytopenia, 
agranulocytosis, necrotizing angiitis; allergic skin rashes, 

urticaria or purpura; hyperglycemia and glycosuria (diabetics 


appears ia cord blood and since thiazides appear in breast milk. 


— The drug may result in fetal or neonatal jaundice, thrombocyto- 


penia, and possibly other adverse reactions which have occurred 
in the adult. When used in women of childbearing age, balance 
benefits of drug against possible hazards to fetus. Precautions: 
Antihypertensive therapy with this drug should always be 
initiated cautiously in postsympathectomy patients and in 
patients receiving ganglionic blocking agents, other potent 
antihypertensive drugs or curare. Reduce dosage of concomitant 
antihypertensive agents by at least one-half. Because of the 
possibility of progression of renal damage, periodic determina- 
tion of the BUN is indicated. Discontinue chlorthalidone if the 
BUN rises or liver dysfunction is aggravated (hepatic coma may 
be precipitated). Electrolyte imbalance with sodium and/or 
potassium depletion may occur. If potassium depletion should 
occur during therapy, the drug should be discontinued and 


should be checked regularly); hyperuricemia and acute gout; 
and pancreatitis when epigastric pain or unexplained G.I. 
symptoms develop after prolonged administration. Other reac- 
tions reported with this class of compounds include: jaundice, 
xanthopsia, paresthesia, and photosensitization. Usual Dose: 
One tablet daily. How Supplied: Tablets-100 mg. (white, 
scored) and 50 mg. (aqua) in bottles of 100 and 1000. 












The Ischemic Heart: 
Target for 
entricular 





Arrhythmias 


While premature ventricular contractions 
(PVCs) are probably innocuous in most peo- 
ple without organic heart disease, they can 
be considerably more dangerous in middle- 
aged and elderly patients with myocardial 
ischemia. The incidence of death due to ar- 
rhythmia is substantially higher among such 
individuals, and is generally brought on by 





PVCs triggering deadly ventricular fibrillation. PRONESTYL controls PVCs and ventric- 
PRONESTYL (Procainamide Hydrochlo- ular tachycardia after oral, I.M. or LV* admin- 
ride) may be especially suitable for these istration. An oral regimen of one 0.5 Om. 


high-risk patients because of its recognized capsule every 4 to 6 hours may be especially 


effectiveness against ventricular arrhythmias. suitable for patients endangered by 
CL PRONESTYL is available in capsules as well | runs of PVCs. 


as injectable form. The capsules permit main- * Administer I. V. only in extreme emergencies. SQUIBB 
tenance therapy at home and in the hospital. 


(Procainamid 
Pronestyl ii crochlonce 
zeroes in on ventricular arrhythmias 





See next page for brief summary. 





nu 


Chapter mm 


J| 

e 
t 
-4 

E 


ey 


(Procainamide 


Hogan o 





 Pronesty' 





Contraindications: In patients with myasthenia gravis and 

where a hypersensitivity to procainamide and related drugs 

exists. Should not be given to patients with complete atrioven- 
tricular heart block. 

Administration: Oral administration is preferred. When paren- 
teral therapy is necessary, intramuscular administration is the 

method ofchoice. Intravenoususe should be limited to extreme 

emergencies, be administered as a dilute infusion, and the 

patient be monitored electrocardiographically whenever prac- 
ticable throughout the infusion. The intravenous dose should 

notexceed | Gm. Administer atarate not exceeding 25 to 50 mg. 
per minute. 

Should procainamide therapy be continued for any appre- 
ciable period, electrocardiograms should be made occasionally 
to determine its further need. 

Precautions: Evidence of untoward myocardial response 
should be carefully watched for in all patients. In the presence 
of myocardial damage with atrial fibrillation or flutter, the 
ventricular rate may increase suddenly as the atrial rate is 
slowed; adequate digitalization reduces but does not abolish 
this danger. Ventricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an embolic 
episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart 
rate when ventricular tachycardia has occurred during an 
occlusive coronary episode or where the use of procainamide 


. may result in additional depression of conduction and ven- 


tricular asystole or fibrillation as in A-V block, bundle branch 
block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardio- 
graphically whenever practicable. Parenteral administration 
should be discontinued at once if electrocar- | 
diograms give evidence of impending heart f 
block. This complication should be kept in 
mind when treating ventricular arrhvthmias 
(especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- _ 
cantly slowed without attainment of regular atrio- © 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, — 
normal dosage may produce symptoms of over- ^. 
dosage — principally ventricular tachycardia and | 
severe hypotension. 

A syndrome resembling lupus erythematosus 
hasbeen reported with maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to this 













oL En 


TY 


Capsules e Injection 


Zeroes in on ventricular arrhythmias 


syndrome, have been reported. If any sign of lupus erythema- 
tosus occurs, LE cell tests should be performed; if cell tests 

are positive, discontinue drug. Steroid therapy may be effec- 
tive if discontinuation of procainamide does not cause remis- 
sion of symptoms. If the syndrome develops in a patient with 

recurrent life-threatening arrhythmias not otherwise cortrol- 
lable, steroid-suppressive therapy may be used concomitantly 

with procainamide. Tests at regular intervals for lupus erythema- 
tosus are recommended for patients on maintenance therapy. 

Adverse Reactions: Because procainamide is a peripheral vaso- 
dilator, it may produce a hypotensive response, sometimes pre- 
cipitous when given intravenously. Blood pressure shoulc be 

measured almost continuously during the infusion which 

should be temporarily discontinued if the fall exceeds 15 mm. 
Hg. The hypotensive response is less likely to occur from intra- 
muscular injection and is rare following oral administration. 
Serious disturbances of cardiac rhythm such as ventricular 

asystole or fibrillation are also more common with I.V. admin- 
istration. 

Large oral doses may sometimes produce anorexia, nausea, 
urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of mouth, 
throat, or gums; and symptoms of upper respiratory tract in- 
fection have been reported. Agranulocytosis has been occa- 
sionally reported following prolonged use of the drug, and 
deaths have occurred. Therefore, routine blood counts are 
advisable during maintenance therapy. If any of the abcve 
symptoms should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discontinued and 
appropriate treatment should be instituted immediately. 
Diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angio- 


. neurotic edema and maculopapular rash, and bitter taste have 


been reported. 
The package insert should be read carefully to 
become familiar with the recommended oral and 
parenteral dosage for the indicated conditions. 
Supply:Pronestyl Capsules (Procainamide Hydrochloride 
Capsules U.S.P.) providing 0.25 Gm. and 0.5 Gm. are 
available in bottles of 100 and 1000, and Unimatic* 
W Single Dose Packaging in cartons of 100. Pronestyl 
Injection (Procainamide Hydrochloride Injection 
U. S. P.) providing a 10% sterile aqueous solu- 
tion (100 mg./cc.) with 0.9% (W/V) benzvl 
alcohol is available in 10 cc. vials. (A.H.ES. 
24:04) [Military FSN 6505-582-5370: Ca»- 
^. sules,0.25 Gm., 100 s; FSN 6505-299-8614: 
» Inj, 10 cc. vials; VÀ FSN 6505-582- 
à 5371A: Capsules, 0.25 Gm., 10005.] 
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"The Priceless Ingredient of every product is 
the honor and integrity of its maker" 


©1972 E.R. SQUIBB & SONS, INC. 442-004 
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EXTERNAL PRESSURE GIRGWLATORY ASSIS 


CARDIASSIST is an external pressure circulatory assist device for producing counterpulsation fo augment cardiac output, 
preferentially perfuse the myocardium and enhance perfusion of other vital organs in the treatment of myocardial ischemia and the 
management of cardiogenic shock. Unlike other earlier modalities of circulatory assist by counterpulsation, CARDIASSIST requires no surgical 
intervention or sterile procedures, no anesthesia or anticoagulants, and produces no measurable trauma. It is portable, quiet in operation, 
and can be applied in minutes, making it entirely compatible for use in emergency situations. 


For more detailed information on the CARDIASSIST method of external.pressure circulatory assist, write Medical Innovations, Inc., 
Dept. AJC , 69 Hickory Drive, Waltham, Mass. 02154. Telephone (617) 890-4266. Cable Address: MEDINCORP, Waltham, Mass. U.S.A. 
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Beginning of our hyperlipidemic way of life 


One million years ago, a primitive ancestor of man he does not have the anatomic and physiologic 
assumed a meat-eating habit which he passed on to capabilities for handling these foods in a manner 
his descendants. According to Collens,' *. .. man has comparable to carnivores." As stated editorially in 
indulged himself in eating foods containing large Lancet,’ “the‘unnatural’ diets of Western man are 
amounts of cholesterol and saturated fats, although associated with a high proportion of saturated fatty 
acids in the blood. ..." Also, a large intake of 
carbohydrates cannot be overlooked as a 
contributory factor in hyperlipidemia.*? 
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„today 


One of five Americans over the age of seventeen has Americans with this condition, a majority are 

a serum cholesterol level of 260 mg./100 ml. or entirely unaware of its presence because they have 
higher, according to the U.S. Public Health Service. * never been tested for it. 

Stamler et al.? state: “A significant proportion of our 

population iS frankly hypercholesterolemic." They "Based on mean averages obtained by examining 6,670 persons out of a sample of 7,700. 


This group represented 111 million adults in the target population. 


further report that among the millions of adult Adapted from U.S. Public Health Service Publication, March, 1967.* 


See last page of advertisement for prescribing information. y el st. 
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Recently, considerable interest has been 
shown in the classification of primary hyper- 
lipidemia into five types by Fredrickson 

and associates. The following chart shows 
that in three of the four most commonly 
seen types, triglycerides as well as cholesterol 
may be elevated. Therefore, triglycerides 
are also important in making the diagnosis 
of primary hyperlipidemia. 

In studies on 1,000 age-controlled patients, 
Fredrickson found that hyperlipidemia will 
be detected in 96 per cent of cases if both 
serum cholesterol and triglyceride 
determinations are performed.’ 


Atromid-S (clofibrate) 



















i ication of primary hyperlipidemia* 


4 $ Carbo- 
Type pop Triglycerides | Cholesterol | hydrate 
| Sensitive 
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Cħylomicra elevated Normal 
Beta lipoproteins elevated wma 


Abnormal Beta lipoproteins 
present 
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u pre-Beta lipoproteins elevated 
Chylomicra and pre-Beta 
lipoproteins elevated 


* Adapted from Fredrickson's 5 Major Categories cf Primary Hyperlipidemia.* 


For the significant reduction of elevated levels of cholesterol and /or triglycerides 


Adequately repeated base line studies should be performed to determine if the patient 
has a significantly elevated serum lipid level. When cholesterol and/or triglyceride 
levels are found to be elevated, an attempt should first be made to control them with 
an appropriate dietary regimen.? When response is inadequate, 

lipid-lowering therapy should be initiated with ATROMID-S. 


With ATROMID-S therapy: 


e you can expect elevated serum cholesterol and/or triglyceride levels to be lowered in responsive patients 
during the first month of treatment. e you can also expect that the higher the initial level, the greater the fall 
In xanthomatosis, a reduction in size and/or number of lesions is an indication of response to therapy, 

and the drug should be administered for an extended period of time, even up to one year. 





AN IMPORTANT NOTE: It has not been established whether drug-induced lowering of serum 
cholesterol or other lipid levels has a detrimental, a beneficial, or no effect on the morbidity or 
mortality due to atherosclerosis or coronary heart disease. Several years will be required before 
current investigations can yield an answer to this question. 






The most widely prescribed lipid-lowering agent with seven years of clinical experience 
Sustained long term reduction of elevated serum lipid levels with Atromid-S (clofibrate) 


In responsive patients who received ATROMID-S continuously, and who were studied for periods ranging 
from six months to four years, the lipid-lowering effect was sustained throughout therapy.5-!* 


It has been shown, that lipids return to pretreatment levels when ATROMID-S is discontinued.®:""4 
According to Oliver,” “this clearly indicates the need for continued treatment.” 


Long term 
effectiveness* 


Of a total of 133 patients 
treated, there were 114 
responders and 19 
nonresponders. There were 
51 responders in the one 
year therapy group; 36 
responders in the two year 
group; 19 responders in the 
three year group; and 8 
responders in the four year 
group. 

* Adapted from Oliver.? 
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51 patients 36 patients 19 patients 8 patients 


3 years 





triglycerides 


51 patients 36 patients 19 patients 8 patients 
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Visible evidence of effectiveness — , SERO SRNR Me S epee o 


Oliver?’ is among several investigators who have reported the regression 
of xanthomata in patients treated with ATR@MID-S (clofibrate). This 
demonstration of regression of xanthomatgWith ATROMID-S provides 
visible evidence of the effectiveness of this agent. In some patients, 
xanthomatous lesions completely disappeared; ':171? and in others their 
size and/or numbers have been reduced.?-!:1*-*! 





Regression of xanthomata demonstrated 


Before therapy After therapy 


Male, 39 years old, with long-standing 

xanthomatous lesions involving 

elbows, knees, palms and palmar 

surfaces of the fingers, and buttocks. 

Laboratory Datat 

2/25/69 cholesterol: 544 mg.% 
triglycerides: 315 mg.% 

3/11/69 ATROMID-S therapy instituted 

9/26/69 cholesterol: 289 mg.% 
triglycerides: 129 mg.96 

Lesions on palms have disappeared 

completely. Lesions on elbows 

and knees are smaller and softer. 


tCase report on file, Medical Department, 
Ayerst Laboratories, New York, N.Y. 





To maintain the lipid-lowering effects—maintain the recommended dosage 


One dosage regimen—one capsule Q.I.D.—for all patients at all times. After lipid 
levels have been reduced, maintain the recommended dosage. A reduction in dosage 
may result in a rise in lipid levels. 


If treatment is interrupted 
The interruption of therapy when the patient is under control would permit lipid 
levels to return to their original pretreatment status. Berkowitz'* demonstrated the 
effect of interrupted therapy in the 40 month patient study shown below. 
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Patient received ATROMID-S (2 Gm. daily ) for the first 16 months. Between the 16th and 20th month, therapy 
was withdrawn completely. From the 20th to the 40th month, ATROMID-S therapy (2 Gm. daily) was resumed. 


If given in conjunction with anticoagulants 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S (CLOFIBRATE). 
THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED BY ONE-THIRD TO ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) 
TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE LEVELS HAVE BEEN STABILIZED. 


See following page for prescribing information. Ayerst. 
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For the reduction of elevated serum cholesterol and /or triglyceride levels 
& 


Atromid-S (clofibrate) 


+ 


start and maintain therapy with one capsule Q.L D. 


BRIEF DISCUSSION SUMMARY 


Indications: ATROMID-S is indicated where reduction 
of serum lipids is desirable, e. g., patients with 
hypercholesterolemia and/or hypertriglyceridemia. 


Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have 

a more favorable response than those with primarily 
hypercholesterolemia and normal triglyceride levels. 
However, since response is unpredictable, a therapeutic 

trial with ATROMID-S should be undertaken in patients 
with only hypercholesterolemia. 

In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 


. Contraindications: While teratogenic studies have not 


demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than found in maternal serum, 
and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate. 


Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women 

in the childbearing age may be undertaken in patients 
exercising strict birth control procedures. In patients who 
then plan to become pregnant the drug should be withdrawn 
several months before conception. 


Because pregnancy is a possibility despite birth control 
precautions, the possible benefits of clofibrate to the patient 
must be weighed against possible hazards to the fetus in 
women of childbearing age. Since it is not known if 
clofibrate is secreted in human milk, the drug should not be 
given to lactating women. 


This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 


It is not recommended for use in patients with impaired 
renal or hepatic function. 


Warnings: CAUTION SHOULD BE EXERCISED WHEN 
ANTICOAGULANTS ARE GIVEN IN CONJUNCTION 
WITH ATROMID-S (CLOFIBRATE) . THE DOSAGE OF 
THE ANTICOAGULANT SHOULD BE REDUCED BY 
ONE-THIRD TO ONE-HALF (DEPENDING ON THE 
INDIVIDUAL CASE) TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE LEVELS 
HAVE BEEN STABILIZED. 


Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate 
dietary regimens, weight loss in obese patients, control of 
diabetes mellitus, etc. 


Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to 
determine that the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should 
be made during the first few months of ATROMID-S 
(clofibrate) administration, and periodic determinations 
thereafter. The drug should be withdrawn after three months 
if response is inadequate. However, in the case of xanthoma 
tuberosum, treatment should be continued for longer periods 
(even up to one year) provided there is a reduction in the 

size of the xanthomata. - 705. 

During the early stages of ATROMID-S administration, 
serum transántinase determinations should be made. Mild 
transient increases in these tests have been noted in some 


patients. This is thought to be a result of the metabolic effect 
of the drug rather than a toxic effect. However, if steadily 
rising or excessive abnormalities occur, the drug should be 
immediately withdrawn. 


Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of 
hypoglycemia occurring two hours after ingestion of 1 Gm. 
of clofibrate in a patient receiving tolbutamide. Although 

a causal effect was not established, caution should be 
observed in diabetic patients. 


Adverse Effects: ATROMID-S (clofibrate) has been well 
tolerated by most patients. The most common side effect is 
nausea, noted in approximately 5 per cent of cases. Other less 
common gastrointestinal side effects include vomiting, loose 
stools, dyspepsia, flatulence, anc abdominal distress. Headache, 
dizziness, fatigue, weakness, skin rash, urticaria, pruritus, 
stomatitis have been reported occasionally. A slight and 
transient rise in serum glutamic oxaloacetic and/or 

glutamic pyruvic transaminases has been observed in some 
patients, but there is no evidence to suggest that this is due 

to hepatotoxicity. A few instances of increased BSP 

retention have been reported. One patient receiving 
butobarbitone, phenobarbital, phenindione, tetracycline, and 
clofibrate developed agranulocytosis which was attributed 

by the investigator to the clofibrate. A few cases of leuko- 
penia have been reported, but relationship to ATROMID-S 
administration has not been established. 


Polyphagia and weight gain have been noted in a few 
patients. It has beén suggested that this may be due to 
increased deposition of subcutaneous fat. However, this has 
not been established nor has it been definitely determined 
that the weight gain is drug-related. Instances of weight loss 
have aiso been reported. One investigator reported 
congestive heart failure in a few patients on clofibrate. 
However, subsequent study by this investigator has shown 
no increase in circulating plasma volume. 


Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed 
a concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittie hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 
been reported; relationship to this drug has not been 
established. 


Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 


Supplied: No. 243—Each capsule contains 500 mg. 
clofibrate, in bottles of 100. 
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New York, N.Y. 10017 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd, 
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1st of a series 


VIDA...Life for hearts too good to die. 





Ancient man used nature's early warning systems to ward off 
premature death. In 390 B.C., geese saved the lives of Roman 
guards at the temple of Juno by alerting them to the stealthy 
advance of the Gauls. 


Pekingese dogs, Siamese cats, peacocks, even guinea fowl have 
served as watch keepers against unheralded attack. 


Modern man has VIDA, a pocket-sized, portable cardiac monitor 
designed to give advance notice of impending ventricular fibril- 
lation during normal day to day activities. 





for details write to: 


(Fm ocovawcs. inc 


69890 VILLAGE PARKWAY, DUBLIN, CALIFORNIA 94566 (415) 828-9400 
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aceuticals created for your specialized clinical needs 





Each effervescent tablet in solution supplies 25 mEq. potassium as bicarbonate and citrate 


One good K Lyte deserves another... 
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* Introducing 


KLYTE GL 


Each dose in solution supplies 25 mEq. potassium chloride 


potassium supplement with chloride 


1 The good-tasting way to treat hypokalemias induced by 


thiazide diuretics and other drugs... 


Here, at last, is a potassium chloride supplement that just doesn't taste 
like one! The mixed fruit flavor of new K-Lyte/Cl is truly refreshing. 
Now, K-Lyte/Cl offers your patients all of the therapeutic advantages 
you expect from a potassium chloride supplement. And you can be 
sure that your patients will take the K-Lyte/Cl you prescribe—all in 
good taste. 


Now you have a choice... 

When extra chloride is not desired, original effervescent K-Lyte is 
unsurpassed in flavor, effective and safe in short- or long-term potassium 
supplementation. There is little chance of taste fatigue from K-Lyte 
with two delicious, effervescent flavors to alternate...fresh-tasting orange 
and sparkling lime. 


a Each effervescent tablet in à Each dose of powder in 
| Kl: te solution supplies 25 mEq. potas- KLyte/Cl solution supplies 25 mEq. 
= y sium as bicarbonate and citrate potassium chloride 

Each tablet or dose must be completely dissolved before taking. 

Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of 
potassium deficiency. Particularly useful when thiazide diuretics or corticosteroids cause excessive 
excretory potassium losses. Contraindications: Impaired renal function with oliguria or azotemia; 
Addison's disease; hyperkalemia from any cause. Warnings and Precautions: Since the amount 
of potassium deficiency may be difficult to determine accurately, supplements should be adminis- 
tered with caution, and dosages adjusted to the requirements of the individual patient. Potassium 
intoxication rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the extremities. 
Frequent checks of the clinical status of the patient, ECG, and serum potassium level are desirable. 
In established hypokalemia, attention should also be directed toward other potential electrolyte 
disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated 
potassium salt preparations, patients should be carefully directed to dissolve each dose completely 
in the stated amount of water. K-Lyte/Cl contains 4.9 grams (20 calories) of sucrose per dose 
which should be considered for patients with restriction of caloric intake. Adverse Reactions: 
Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of potassium salts. 
Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, 
depending upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 fo 4 
ounces of cold or ice water; K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold 
or ice water. The normal adult daily requirement is approximately 50 mEq. of elemental potas- 
sium. NOTE: It is suggested that these products be taken with meals and sipped slowly over a 
5-10 minute period. How Supplied: K-Lyte: Effervescent tablets—boxes of 30 and 250 (orange 
or lime flavors). K-Lyte/Cl: Powder, cans of 30 measured doses with scoop (fruit-punch flavor). Ij 
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ASROR AT OR HANE S 


for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


® Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


applications 


€ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ Iron core construction 
provides high sensitivity 
and accuracy 


€ Operates with BLI 
research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 





Biotronex Laboratory, Een C. 9153 Brookville Rosd Silver Spring, Maryland 20910 d 301/588-6400 





A New Concept in Drug Reference 


Single-entity drugs in current use are listed alphabetically by generic name in the General 


Text. Combination drugs are listed by Brand Name. Immediately preceding each drug MDF 
hare listed the Brand-Name Cross-Ref s. Eacl 'aph includes Chemieal TT 
monograph are listed the Brand-Name Cross-References. Each monograph includes Chemiea 
Name ... Deseription ... Indications ... Contraindications ... Precautions ... Warnings SE 
... Adverse Reactions ... Dosage and Administration ... Brand-Name of Drug ... Manu- SES 
facturer. SS 
> 
as Gm NN MN 
Another innovation is the collation into separate chapters of such similarly-aeting drugs as R 
The Adrenal Corticosteroids ... Erythromycins ... Fluoride-Vitamins ... Insulins ... Sg 
Penicillins ... Phoenothiazines ... Antibacterial Sulfonamides .. . Thiazide Diuretics. N 


The MODERN DRUG ENCYCLOPEDIA also provides a completely up-to-date Thera- 
peutie Index and a Manufacturers’ Index. 


The Encyelopedia, attractively bound in a hard cover, contains 788 pages, and measures 


6 X 9 inches. 


MODERN DRUG 
ENCYCLOPEDIA 


466 Lexington Avenue, 
New York, N.Y. 10017 


A Publication of 

THE YORKE 

MEDICAL GROUP/ 

DUN -DONNELLEY PUBLISHING 
CORPORATION 





USE THIS FORM TO ORDER YOUR COPY 


Please ship a copy of the new (11th) edition of MODERN DRUG ENCYCLOPEDIA 
AND THERAPEUTIC INDEX. I will receive without extra cost the two year sup- 
plementary service MODERN DRUGS. Remittanee of $26.00* is enclosed. (Thank 
you) 


Name —————————À Á ——— — S EN 


Address ————— QAAE € Bí A SCR EPA REIN DNE 
Lo Ae a ae SUS > y CS P ABIRE oe 1,10 E 


*You save shipping cost by remitting now. 
For delivery in New York State please add appropriate sales tax. In New York City 7%. 


(FOREIGN PRICE $35.00 PLUS $.50 SHIPPING CHARGE. 
PLEASE REMIT IN U.S. FUNDS.) AJC 





+ 


ELLE IEEE] 
HILIITTEIEITITIITILEBILLEEEEILILILTEITTI 
EEEHHEEHG o Loue d- 


mansana seeseees. \eenean CETEL 
| LEE CETL LLLE L LOEELLEL "FEE 
: ebbe NR IREELCELLILLITI 
a HHHH +> 


HUNE Ei n I LIA 










ss 
= 


+44 
H 
: 
B s 
HH 
L 
HH 
[m 
——pE 
[11] HEHH 
HHEHHHEH 
HH [4.1 
HEN 
be bd tt 












€ * 
$ oo bo - - 
sete 
M + b 
ILI : s 
T rr t 
ei | á 2 TIRE 
re * * EENE + 


Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


NOW YOU CAN PARTICIPATE 
IN A MONTHLY AUDIO TAPE PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 





— AA SS RR 
THE AMERICAN COLLEGE OF 


CARDIOLOGY EXTENDED STUDY SERVICES 


An audio cassette tape service which brings 60 minutes of clinically 


oriented information on the art of diagnosis and treatment of 


cardiovascular disease to its subscribers each month. Panel discussions, 


interviews with noted authorities, self-assessment, 35 mm slides 


and a monthly personal continuing education notebook are supplied 


as part of this exciting professional service. 


Join the more than 3,000 subscribers who are listening each month. 


Vol. 4, No. 3 March 1972 


Voice for ACCESS®—E. Grey Dimond, M.D. 


Side 1 


Electrocardiogram of the Month 
Arthur Selzer, M.D. and James E. Crockett, M.D. 


The Clinical Use of Digoxin versus Digitoxin 
quM E. Doherty Ill, M.D. and James E. Crockett, 


A Review of Recent Literature on Thromboembolism 
E. Grey Dimond, M.D 


Side 2 
Resection of Non-contracting Ventricular Segment After 
Myocardial Infarction 
Dwight E. Harken, M.D., Jerome H. Kay, M.D., 
William Likoff, M.D. and Oscar Magidson, M.D. 


The Status of Homograft Valves 
John W. Kirklin, M.D. and James E. Crockett, M.D. 


The Passing Scene—Claude S. Beck, M.D. (1894-1971) 


Scanning the Literature 
E. Grey Dimond, M.D. 


E. Grey Dimond, 
M.D., F.A.C.C. 
ACCESS? 
Editor-in-Chief 


E. GREY DIMOND, M.D. JAMES E. CROCKETT, M.D. 
Editor-in-Chief Associate Editor 


SUZANNE B. KNOEBEL, M.D. 
Associate Editor 


Please enter my one year (12 issues) subscription to ACCESS® 


| enclose $ 





PLAN A 
CASSETTE TAPES WITH 


GENERAL ELECTRIC PLAYER/RECORDER 


for the plan checked below: Name 





- (Please print) 











Subscription Address. i 
No. Street 


[] ACC member, $105 


[] Non-member, $115 
(U.S. Funds) 


PLAN B 
CASSETTE TAPES ONLY 


Type of Practice 


City State Zip Code 


C] ACC member, $60 
[] Non-member, $70 
(U.S. Funds) 


Check made payable to the American College of Cardiology should 
accompany this application and be forwarded to: ACCESS,® American 
College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 
Payment in full must accompany all subscription orders. 
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General Electric patient monitoring equipment 
is designed and coordinated to meet specific 
needs. Systems range from the basic, multi- 
purpose Emergency Cart to a complete Intensive 
Care system providing a continuous flow of life- 
saving information. 


Easy-to-use GE systems are straightforward and 
uncomplicated — because they are more sophis- 
ticated in design and construction. Every com- 
ponent is engineered for reliability, long life and 
patient safety. 


The General Electric Information Environment— 


Emergency. GE answers the need for fast 
action and rapid diagnosis with a system 
providing vital physiological data on-line in 
real time. 


Coronary Care. There's a GE system for 
every stage of coronary care—an Information 
Environment designed for safety, dependa- 
bility, accuracy, and electronic stability. And 
now you can include General Electric's non- 
fade displays, which provide a bright, sharp, 








continuous trace —12 seconds of valuable di- 
agnostic information. 


Intermediate Coronary Care. GE offers an 
ICCU telemetry system for monitoring am- 
bulatory heart patients who have progressed 
beyond the acute stage. 


Surgery. General Electric recommends a 
factory-assembled monitoring system incor- 
porating essential parameters specific to the 
operating room environment. 


Intensive Care. Designed for easy use by 
nurses, GE's multi-parameter, on-line systems 
make possible more efficient health care 
management of more patients. 


When your hospital has GE equipment, you get 
GE service. And that means round-the-clock 
availability of the nation's largest medical elec- 
tronics service organization. All you do is pick 
up the phone and call us. We take it from there. 


General Electric Medical Systems 
Milwaukee, Toronto, Liege 


GENERAL Q ELECTRIC 


Now available under one cover— 


New Clinical Knowledge in the Mechanism, 
Recognition and Therapy of Arrhythmias 


Symposium on 


ELECTROPHYSIOLOGIC CORRELATES 
OF CLINICAL ARRHYTHMIAS 


Guest Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 


Contributions by prominent specialists from universities and medical centers across 
the country. 


Presents examples of arrhythmias with mechanisms that have been deduced by anal- 
ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
under one cover for only $8.00. 


Papers include: Automaticity and Automatic Rhythms... The 
Concepts of Reentrant Activity Responsible for Ectopic 
Rhythms . . . Atrial Fibrillation . . . Ventricular Fibrillation . . . 
Atrioventricular Block . .. Aberrancy: Electrophysiologic 
Aspects .. . Exit Block . . . Concealed Conduction . . . Specialized 
Tissues and Preferential Conduction in the Atria of the 

Heart . . . Contribution of His Bundle Recordings to the Under- 
standing of Clinical Arrhythmias . . . Wolff-Parkinson-White 
Syndrome. A New Look . . . Artificial Pacing of the Human 
Heart. Its Contribution to the Understanding of 

Arrhythmias . . . The Electrophysiologic Effects of Anti- 
arrhythmic Drugs . . . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
466 Lexington Avenue, New York, N.Y. 10017 


Please send. — copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $ 
enclosed. (In order to maintain the low price of this item we must 
require payment with your order. 


Name 
Address 








City DIM LL ecc o P 





A Publication of the Yorke Medical Group * Dun * Donnelley Publishing Corp. 
* For delivery in New York State add State sales tax. In New York City 7%. 


l————————— — — ——— 


IN TREATMENT OF HYPERTENSION 





t 


Start with Enduron’ 


methyclothiazide 





For answer to puzzle, and Brief Summary, see back of this page. 


CLUES ACROSS 


1. 
8. 
9. 
11. 
12. 
13. 
14. 
15. 


17. The 


18. 
20. 
22. 
23. 


25. 
26. 
* 27. 
29. 
30. 


Pertaining to the heart. 
s.a.: according to 
Monoamine oxidase inhibitor. 
Respiratory movement. 
Bacillus. 

As needed. 

A pint. 

If itis necessary. 


: lower than 
subconscious. 


Test solution. 
Proof spirit. 
Dental — (a single tooth). 


An atom with positive or negative 
charge. 


Rickettsia. 

Axiolingual. 

A medicine to be taken in drops. 
gastric. 

Abbott thiazide. 











CLUES DOWN 


1. Principal artery of neck. 
2. Golf 
3. Reading test. 

4. O. : right eye. 
5. Intramuscularly. 


6. American Academy of 
Periodontology. 


7. The central mass of necrotic 
matter in a boil. 


10. Protein hormone. 


12. sinicus: schistosoma 
infection in cattle. 


15. Without. 
16. Alcohol. 
19. A lesion of the skin. 
21. 
24. 














occlusion: open bite 
malocclusion. 





26. sitia: aversion to food. 


28. Interpapillary distance. 


29. Emil Redlich, Austrian neurologist, 


1866-1930. 


31. Cat —.: the amount of digitalis 


which will kill a cat. 


: a form of neuritis. 


j.d.: three times a day. 


In most cases of mild to moderate 
hypertension, a diuretic alone will be 
sufficient.! 


With Enduron, treatment couldn't 

be simpler—one dose, once a day. 
Usual dose, one tablet (5 mg.). 

If needed, double the dose without 
appreciable increase in potassium loss. 





1. Schoenberger, J. A.: Management of Essential 
Hypertension, Med. Clin. of N. Amer., Jan. 1971. 


ABBOTT 


Start with 
Enduron 5mg. tablets 
methyclothiazide 901364 
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Enduron cJ 


METHYCLOTHIAZIDE 
TABLETS 





DESCRIPTION : Enouron (methyclothiazide) is a 
member of the benzothiadiazine (thiazide) family 
of drugs. It is an analogue of hydrochlorothiazide. 
Clinically, ENDURON is a potent oral diuretic- 
antihypertensive agent. 


ACTION: The predominant effects of ENDURON 
(methyclothiazide) are diuresis, natriuresis, and 
chloruresis. The excretion of sodium and chloride is 
greatly enhanced; potassium excretion is low. 
Although urinary excretion of bicarbonate is increased 
slightly, there is usually no significant change in 
urinary pH. The diuretic and saluretic effects are 
produced by inhibition of renal tubular reabsorption. 
There is significant natriuresis and diuresis within 
two hours after administration of a single dose of 
methyclothiazide. These effects reach a peak in 
about six hours and persist for 24 hours following 
oral administration of a single dose. 

In nonedematous patients the “peak” (maximum 
effective) natriuretic single dose of ENDURON is 
10 mg., whereas the “peak” kaliuretic dose is 5 mg. 
Thus, doubling a single daily dose of 5 mg. results 
in an increase of sodium output without significantly 
increasing potassium excretion. 

Like other benzothiadiazines, ENDURON also has 
antihypertensive properties, and may be used for this 
purpose either alone or to enhance the anti- 
hypertensive action of other drugs. The mechanism 
by which the benzothiadiazines, including 
methyclothiazide, produce a reduction of elevated 
blood pressure has not been definitely established. 
Sodium depletion, however, appears to be of 
primary importance, 

ENDURON is readily absorbed from the 
gastrointestinal tract and is excreted unchanged 
by the kidneys. 


INDICATIONS: Enburon (methyclothiazide) is 
indicated in the treatment and control of edema 
associated with congestive heart failure, the 
nephrotic syndrome, hepatic cirrhosis, premenstrual 
tension, and steroid therapy. The drug also is useful 
to control edema and hypertension associated with 
toxemia of pregnancy. It is further indicated as a 
primary measure in the treatment of mild to 
moderate hypertension and as an adjunct to other 
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antihypertensive agents in the treatment of severe 
hypertension. When administered with ENDURON, more 
potent agents can be given at reduced dosage to 
minimize undesirable side effects. 


CONTRAINDICATIONS: ENDURO 
(methyclothiazide) is contraindicated in patients with 
a known sensitivity to methyclothiazide and/or other 
thiazide diuretics. It should not be used in patients 
with severe renal disease (except nephrosis) or 
complete renal shutdown. Thiazide diuretics should 
not be used in the presence of severe liver disease 
and/or impending hepatic coma. Hepatic coma has 
been reported as a consequence of hypokalemia 

in patients receiving thiazide diuretics. 


WARNINGS: The possibility of sensitivity 
reactions should be considered in patients with a 
history of allergy or bronchial asthma. 

There have been several reports, published and 
unpublished, concerning nonspecific small bowel 
lesions consisting of stenosis with or without 
ulceration, associated with the administration of 
enteric-coated thiazides with potassium salts. These 
lesions may occur with enteric-coated potassium 
tablets alone or when they are used with 
nonenteric-coated thiazides, or certain other oral 
diuretics, 

These small bowel lesions have caused obstruction, 
hemorrhage and perforation. Surgery was frequently 
required and deaths have occurred. 

Available information tends to implicate enteric- 
coated potassium salts although lesions also occurred 
spontaneously. Therefore, coated potassium- 
containing formulations should be administered only 
when adequate dietary supplementatian is not 
practical, and should be discontinued immediately if 
abdominal pain, distention, nausea, vomiting or 
gastrointestinal bleeding occurs. 

ENDURON does not contain added potassium. 


USE IN PREGNANCY: Enduron should be 
used with caution in pregnant women and 
nursing mothers since thiazides cross the 
placental barrier and appear in cord blood and 
in breast milk. The use of thiazides may result 
in fetal or neonatal jaundice, bone marrow 
depression and thrombocytopenia, altered 
carbohydrate metabolism in newborn infants of 
mothers showing decreased glucose tolerance, 
and possible other adverse reactions which have 
occurred in the adult. When the drug is used in 
women of childbearing age, the potential 
benefits of the drug should be weighed against 
the possible hazards to the fetus. 


PRECAUTIONS: Thiazide therapy should be used 
with caution in patients with severely impaired renal 
function because of the possibility of cumulative 
effects. Caution is also necessary in patients with 
impaired hepatic function or progressive liver disease. 

It has been observed that thiazide drugs may 
reduce arterial responsiveness to levarterenol 
(nor-epinephrine). Accordingly, the dosage of 
vasopressor agents may need to be medified in © 
surgical patients who have been receiving thiazide 
therapy. 

Thiazide drugs may increase the responsiveness 
to tubocurarine. 

The antihypertensive effects of the drug may be 
enhanced in the sympathectomized patient. 

All patients should be observed for clinical signs 
of fluid or electrolyte imbalance, including 
hyponatremia ("Iow-salt" syndrome). These include 
thirst, dryness of the mouth, lethargy, and drowsiness, 

Hypokalemia may occur during therapy with 


methyclothiazide. In such cases supplemental 
potassium may be indicated. Potassium depletion can 
be hazardous in patients taking digitalis. Myocardial 
sensitivity to digitalis is increased in the presence of 
reduced serum potassium and signs of digitalis 
intoxication may be produced by formerly tolerated 
doses of digitalis. Hypochloremic alkalosis may occur 
following intensive or prolonged thiazide therapy. 
Replacement of chloride may be indicated in such cases. 

Thiazides may decrease serum P.B.I. levels 
without signs of thyroid disturbance. 


ADVERSE REACTIONS: Side effects that may 
accompany tniazide therapy include anorexia, nausea, 
vomiting, diarrhea, headache, dizziness, paresthesia, 
weakness, skin rash and photosensitivity. Jaundice 
and pancreatitis also have been reported. 

Blood dyscrasias, including thrombocytopenia with 
purpura, agranulocytosis, and aplastic anemia, 
have been reported with thiazide drugs. 

Thiazides 1ave been reported, on rare occasions, 
to have ¢levated serum calcium to hypercalcemic 
levels. Serum calcium levels have returned to normal 
when the medications have been stopped. This 
phenomenon may be related to the ability of the 
thiazide diuretics to lower the amount of calcium 
excreted in tne urine. 

Elevations of blood urea nitrogen, serum uric acid, 
and blood sugar have occurred with the use of 
thiazide drugs. Symptomatic gout may be induced. 

Although rot established as an adverse effect of 
methyclothiazide, it has been reported that thiazide 
diuretics may produce a cutaneous vasculitis in 
elderly patients. 

When adverse reactions occur, they are usually 
reversible and disappear when the drug is discontinued. 


DOSAGE AND ADMINISTRATION: ENDURON 
(methyciothiazide) is administered orally. The usual 
adult dose ranges from 2.5 to 10 mg. once daily. 

To maintain an edema-free state or as an adjunct 
in the management of hypertension, 2.5 to 5.0 mg. 
once daily is often adequate. 

Maximum effective single dose is 10 mg.; larger 
single deses do not accomplish greater diuresis, 
and are not recommended. 

If edema is resistant to methyclothiazide alone, 
the concomitant administration of an aldosterone 
inhibitor or glucocorticoid may be of value. 

In severely edematous patients or in those with 
edema resistant to other medication, 10 mg. may 
be administered twice daily. If this dosage is 
continued beyond three consecutive days, particular 
attention should be given to the patient's electrolyte 
status. Supplemental potassium may be required. 

In the treatment of hypertension methyclothiazide 
may be either employed alone or concurrently with 
other antihypertensive drugs. Combined therapy may 
provide adequate control of hypertension with lower 
dosage cf the component drugs and fewer or less 
severe side effects. An enhanced response frequently 
follows its concurrent administration with Harmonyl® 
(deserpidine) so that dosage of both drugs may 
be reduced. 

For treatment of moderately severe or severe 
hypertension, supplemental use of other more potent 
antihypertensive agents such as Eutonyl® (pargyline 
hydrochloride) may be indicated. Such a combination 
is particularly useful when edema from congestive 
heart failure or other conditions requiring diuretic 
therapy coexist with hypertension. 

When other antihypertensive agents are to be 
added to the regimen, this should be accomplished 
gradually. Ganglionic blocking agents should be 
given at only half the usual dose since their effect 
is potentiated by pretreatment with ENDURON 201354 
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when difficult bowel movements make every trip a rough one, 
give your patients the pleasure of a really “gentle passage” 


Prevent hard, painful stools. Keep When ‘‘lazy” bowel motility com- 

them soft with COLACE so patients can pounds the problem. Gently nudge peri- 

make the move safely, effectively —away stalsis into action with PERI-COLACE to 

from pain and discomfort to gentle relief. help assure passage that becomes a treat, 
not a trauma. 


DIOCTYL SODIUM SULFOSUCCINATE 


CASANTHRANOL AND DIOCTYL SODIUM SULFOSUCCINATE 
softens stools 


softens stools and stimulates peristalsis 
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E Introducing safety 
.. that surpasses any standard 
: for heart monitoring. 
» A And the remarkable 
. Isolator that does it for 
| any monitor. 








B o 2 The Datascope Isolator. It eliminates any conductive 
E : path between patient and monitor. Any monitor. With 
E xs à solid half-inch block of plastic. Which gives true isola- 


tion. Even during defibrillation or electro-cautery. 
Our Isolator is also isolated from the power line. 
. Completely. Because it’s battery-powered. And because 
it uses so little power, the batteries are guaranteed to 
last two years. 
It’s even isolated from itself. Because the case is 
plastic too. Sealed and tamper-proof. 
. With our Isolator, there's no ground electrode. Now 
you need only two electrodes for monitoring. Instead 
. of three. Which means the electrodes you won't buy 
pay for the safety you will buy. | 
Call us at 201-845-7650. Or write to Datascope Cor- 
. poration, 520 Victor Street, Saddle Brook, New Jersey 
. 07662. We'll be happy to send you complete informa- 
. tion about safety and the Datascope Isolator. For your 


monitor. The Datascope Isolator 





C," LI m dE b 


DATASCOPE 


Patient Safety 
Isolator 
Type 72 





New Batteries Required 
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| System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That's logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

**U.S. Patent 23,347,452 


Datascope System SO 
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Cardiac neurosis is considered the most 
common and important functional disorder. 
Psychic stress can increase heart rate, cardiac out- 
put and consumption of oxygen. It can cause 
precordial distress, raise the systolic blood pressure 
and increase the heart’s workload. And once such 
symptoms have occurred, they tend to produce a 
vicious cycle of psychic tension/somatic symptoms 
that confirms the patient’s fears that he actually 
has heart disease. 

When anxiety and apprehension become 
overwhelming, Valium® (diazepam) can help. 

It relieves the psychic tension that precipitates many 
functional cardiovascular complaints. 

Valium is used with most classes of primary 
medications such as cardiac glycosides and vaso- 
dilators. Even at high doses its lack of toxicity 
is usually evident, but isolated reports of neutro- 
penia and jaundice make blood counts and liver 
function tests advisable during long-term therapy. 

Valium is generally well tolerated. 

The most commonly reported side effects are 
fatigue, drowsiness and ataxia. Should nighttime 
anxiety interfere with sleep, an extra /.5. dose 


added to the 7.7.4. 

schedule helps provide Valtum 
a good night's rest. 

(diazepam) 


2-mg, 5-mg, 10-mg tablets 
t.i.d. or q.i.d. 





helps ease somatic symptoms of psychic tension 


Please see following page for product information. 
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relieves the 
psychophysiological 
expressions of tension 


Prompt action 
Valium goes to work quickly. Significant 
improvement is often seen in the first few 
days of therapy, though some patients may 
need more time for a clear-cut response. 





High efficacy 
Valium helps relieve tension-produced 
symptoms — psychic and somatic — in pa- 
tients overreacting to situational stresses 
or with psychoneuroses. 





Low toxicity 

Even at high doses, Valium's lack of tox- 
icity is generally evident. Isolated reports 
of neutropenia and jaundice make blood 
counts and liver function tests advisable 
during long-term therapy. In geriatric 
patients, usual daily dose is 2 mg to 2% 
mg, l or 2 times daily initially; increase 
gradually as needed and tolerated. 





Flexible dosage 
Available in three convenient tablet 
strengths — 2 mg, 5 mg and 10 mg— 
Valium permits you to tailor your pre- 
scriptions for maximum efficiency. 
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Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; 
psychoneurotic states manifested by tension, anxiety, appre- 
hension, fatigue, depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, delirium tremens 
and hallucinosis due to acute alcohol withdrawal; adjunc- 
tively in skeletal muscle spasm due to refiex spasm to local 
pathology, spasticity caused by upper motor neuron dis- 
orders, athetosis, stiff-man syndrome, convulsive disorders 
(not for sole therapy). 

Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma 
who are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful surveillance be- 
cause of their predisposition to habituation and dependence. 
In pregnancy, lactation, or women of childbearing age, weigh 
potential benefit against possible hazard. 

Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in patients 
severely depressed, or with latent depression, or with sui- 
cidal tendencies. Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to smallest effective 
amount in elderly and debilitated to preclude ataxia or 
oversedation. 

Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests 
advisable during long-term therapy. 

Dosage: Individualize for maximum beneficial effect 
Adults: Tension, anxiety and psychoneurotic states; 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 
or debilitated patients: 2 to 2V» mg, 1 or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: | to 2⁄2 mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 

Supplied: Valium? (diazepam) Tablets, 2 mg, 5 mg 
and 10 mg; bottles of 100 and 500. All strengths also 
available in Tel-E-Dose™ packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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"This book deserves a place in the 
library of every student of 
cardiology, regardless of his age. 
It is superb." 

—Annals of Internal Medicine 


PAUL WOOD’S DISEASES OF THE HEART AND CIRCULATION, 3rd Edition 


Revised and enlarged by the late author's colleagues, under the supervision of 
Walter Somerville, M.D., F.R.C.P. 


This edition of a classic work retains the same lucid 


dimensions. Timely subjects range from pulmonary 
style that made earlier editions so readable. It pre- 


embolism and hypertension, hyperkinetic circulatory 
sents a well-balanced, comprehensive and com- states, cor pulmonale, etc., to traumatic lesions of 
pletely contemporary view of cardiology in all its the heart. 


1164 Pages/598 Illustrations/3rd Edition, 1968/$29.00 


VECTORCARDIOGRAPHY 2 CORONARY HEART DISEASE 
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Edited by Irwin Hoffman, M.D. 
Co-editors: 
R. |. Hamby, M.D., and E. Glassman, M.D. 


This monumental new work, the collective effort of 
80 distinguished contributors, represents the Pro- 
ceedings of the XI International Symposium on Vec- 
torcardiography, and explores every facet of the 
subject under current investigation. Sections include 
Lead Systems, Theoretical and Mathematical Con- 
siderations; Surface Mapping; Computer Applica- 
tions; QRS Conduction Abnormalities (hemiblocks, 
bundle branch blocks, pacemaker VCG and W-P-W); 
Vectorcardiography in Coronary Artery Disease and 
Myocardial Infarction; Miscellaneous Clinical Ap- 
plications; Pediatric Vectorcardiography; T and 
P Loops. 








—Proceedings of the American College of Cardiology 
—St. Barnabas Hospital Symposium 


Edited by Henry |. Russek, M.D., and 
Burton L. Zohman, M.D. With 83 Contributors. 


Many of the men responsible for what we know and 
where we are headed in the cardiovascular field are 
contributors to this important book. This inter- 
disciplinary knowledge includes practical informa- 
tion on causation, diagnosis, prevention and treat- 
ment of coronary heart disease. Both medical and 
surgical measures are covered authoritatively; the 
latter include step-by-step techniques for revascu- 
larization of the myocardium and transplantation of 
the human heart. 


502 Pages/254 Illustrations 








706 Pages/411 Illustrations, 200 Tables 1971 
1971/$39.50 $20.00 
J. B. LIPPINCOTT COMPANY 
Lip pnco tt East Washington Square/Philadelphia, Pa. 19105 

D e n ee ee i — eee eS -| 
Please send me: | 
C] PAUL WOOD'S DISEASES OF THE HEART AND CIRCULATION ....... see n n eee $29.00 | 
MED TORGARDIOGRAPHY 2.2.5... ose erem meret oth ERE $39.50 | 
BECDBRONADYNEARTBISEASE. Ll 5s alls er ea cr + oh AIR REED $20.00 | 
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(J Payment enclosed [] Charge and bill me/Also available at your medical bookstore AJC—3/72 | 
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A good mornin 
3 after * 








a sleep-through 
night 


That's how a patient feels after a restful 
night's sleep provided by Quaalude-300 
(methaqualone). 
He wakes up alert and ready to face 
the demands of the day (Quaalude 
atients usually awaken easily and 


without evidence of "hangover") ... be- 
cause he slept well all night (Quaalude 


usually helps produce 6 to 8 hours of 
restful sleep)... and hedidn'thavetolie 
awake for a long period of time before 
he went to sleep (Quaalude can induce 
sleep in 10 to 30 minutes). Now the 
physician has one less tired, sleepy and 
apprehensive patient to contend with. 

Non-barbiturate Quaalude-300 is 
chemically unrelated to other sedative- 
hypnotics. Its therapeutic value has 
been established in controlled clinical 
studies and by wide usage of metha- 
qualone throughout the world. 

Side effects reported have been mild, 
transient, and have often proved to be 
statistically insignificant when com- 
pared to placebo effects. (See brief sum- 
mary on last page of advertisement.) 

For these reasons, maybe the pre- 
scribing physician sleeps a little better, 

a non-barbiturate 


too. 
Quaal ude-300 


(met med vb aum 
NN E 


For additional prescribing information, please turn page. 
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A good morning. 
good morning 
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asleep-throu 
night 














glutethimide. 


Sleeping and awakening with Quaalude-300 (methaqualone) 
can be a pleasant experience— patients enjoy a sleep-through 
night, usually without “drugged” after-effects in the morning. 

Quaalude is chemically unrelated to barbiturates and 


Side effects reported have been mild, transient, and 
often statistically insignificant when compared to placebo 
effects. (See Adverse Reactions section below.) 

Patients appreciate this gentle way to sleep: 

sleep usually within 10-30 minutes 

sleep duration—6-8 hours 

the awakening—pleasantly alert— 

usually no "hung-over'" feeling 


ME man (R) 
uaaiuae- 





300 mg. tablets 


(methaqualone) a non-barbiturate 





Brief Summary 
of Prescribing Information 


Indications: 
Sleep. Daytime sedation. 


Usual Adult Dose: 

For sleep, 150-300 mg. at bedtime. 
For patients previously on other 
hypnotics, 300 mg. for five to seven 
nights. For sedation, 75 mg. t.i.d. 
or q.i.d. Not recommended in 
children. Dosage should be 
individualized for aged, debilitated 
or highly agitated patients. 


Overdosage: 

Acute overdosage may result in 
delirium and coma, with restless- 
ness and hypertonia, progressing 
to convulsions. Evacuate gastric 
contents, maintain adequate venti- 
lation and support blood pressure, 
if necessary. Dialysis may be 
helpful. Analeptics are contra- 
indicated. Succinylcholine accom- 
panied by assisted respiration has 
been proposed for prolonged 
convulsions. Overdoses of metha- 
qualone appear to be less often 
associated with cardiac or respira- 
tory depression than are overdoses 
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of oral barbiturates, but shock and 
respiratory arrest may occasionally 
occur. 


Contraindications: 


Contraindicated in women whoare or 


may become pregnant; or patients 
with known hypersensitivity. 


Warnings: 
Take hypnotic dose only at bed- 


time. Not recommended in children. 


Warn patient on Quaalude against 
driving a car or operating danger- 
ous machinery. Care needed when 
administered with other sedative, 
analgesic or psychotropic drugs 
or alcohol because of possible 
additive effects. Pending longer 
clinical experience, Quaalude 
should not be used continuously 


for periods exceeding three months. 


Psychological dependence occa- 
sionally occurs. Physical depend- 
ence rarely reported. However, 
caution needed with addiction- 
prone patients. 


Precautions: 
Use with caution and prescribe 
small quantities in patients with 


anxiety states where impending 
depression or suicidal tendencies 
exist. Give in reduced doses, if at 
all, in patients with impaired 
hepatic function. 


Adverse Reactions: 
Neurcpsychiatric: headache, hang- 
over, fatigue, dizziness, torpor, 
transient paresthesia of the 
extremities. An occasional patient 
has experienced restlessness or 
anxiety. Hematologic: aplastic 
anemia possibly related to metha- 
qualone has been very rarely 
reported. Gastrointestinal: dry 
mouth, anorexia, nausea, emesis, 
epigastric discomfort, diarrhea. 
Dermetologic: diaphoresis, brom- 
hidrosis, exanthema. Urticaria has 
been particularly well documented. 


Supplied: 

Quaalude-150 (150 mg. white, 

scored tablets). Quaalude-300 

(300 mg. white, scored tablets). 
Consult complete literature 

before prescribing. 


WILLIAM H. RORER,INC. d 
Fort Washington,Pa.19034 | $ 





The facts may not be simple. But they should 
be clear. 


When pressure tracings are many and complex, Kodak 
Linagraph 1930 Paper lets you sort them out. Crisp black on 
brilliant white. Outstanding sensitivity to low-light and high- 
frequency traces. Dimensional stability for reliable time- 
base. You get full and accurate heart sounds, physiological- 
event tests, cardiac loops. Vital manometric and myographic 
data is unusually clear. 

As an added benefit, processing is simple. Linagraph 1930 
Paper can be processed in the Kodak X-Omat Processor al- 
ready installed in your affiliated hospital. Since the chemicals 
are identical to those used for processing x-ray films, no 
machine adjustments are necessary. 

If you'd like more information, simply mail the coupon. 
Thank you for taking the time to read this advertisement. 


New Kodak Linagraph 1930 Paper 


————-—-—--—---------4 


EASTMAN KODAK COMPANY 3-260 
Department 412L, Rochester, N.Y. 14650 


[] Send literature on Kodak Linagraph 1930 Paper and 
paper sample 


C] Have representative call 





Name 















Address 
City 
State Zip 


Hospital affiliation 
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For up to two hours of 

protection, your angina patient 

needs more than sublingual 

nitroglycerin. 

And Chewable Sorbitrate 

provides more. 















SOSORBIDE DINITRATE 5mg. 

Im i ia DO Acts almost as fast as 
oe ; beyond the benefits _ nitroglycerin...lasts about 
rf QI lingual nitroglycerin 4 times as long. 


0 5 10 30 1 hr. 2 hr. 





CHEWABLE SORBITRATE 
(isosorbide dinitrate) 

approximate onset of action... 
as little as 2 minutes 
approximate duration of action... 
up to 2 hours 


NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 

2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
= Sublingual nitroglycerin: 
SR it can be stored or carried with 
an EEDA EX. AL CEA | no significant loss of potency. 


dr. C ACE And when indicated: Sorbitrate" 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (iso- 
sorbide dinitrate) is unknown, although the basic pharmacologic 
action is to relax smooth muscle, Isosorbide dinitrate reduces in 
number and severity the incidence of angina pectoris attacks, with 
concomitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and 
treatment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intendec to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accom- 
panied by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early 
days of the acute phase of myocardial infarction are insufficient 
to establish safety. Phenobarbital may be habit forming. 
Precautions: Should be used with caution in patients who have 
glaucoma, Tolerance and cross tolerance to other nitrates may 
occur. 

Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the 
headaches which usually diminish or disappear as therapy is 
continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation 
with flushing; transient dizziness and weakness as well as other 
signs of cerebral ischemia associated with postural hypotension; 
individual marked sensitivity to the hypotensive effects of nitrates 
wherein severe responses can occur even with the usual therapeu- 
tic dose (alcohol may enhance this effect); drug rash and/or ex- 


. 


= i foliative dermatitis. 
WO ^, AM : 4 i This drug can act as a physiological antagonist to norepineph- 
fan P pa. JU at poy zm rine, acetylcholine, histamine and other agents. 
e d Yos and Administration: Route: Sublingual, oral and chewable 
— tablets. 
F. ee: s T a — a - ^n Individual Dose: To minimize hypotensive responses, which may 
as = pa ; occasionally be severe with chewable doses as low as 5 mg., the 


smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 
4 times daily. Although the onset and duration of effect of coro- 
nary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty 
stomach. 


Division of ATLAS CHEMICAL INDUSTRIES, INC. 





x STUART PHARMACEUTICALS | Pasadena, Calif.91109 





9 reasons why the 
ICC Multimedia Learning System 


wont become obsolete 


The nine new components you see below demonstrate 
how RocoM makes additions to the ICC Multimedia 
Learning System to reflect current thinking on inten- 
sive coronary care. Recommendations for keeping the 
system current are made by an advisory panel of ex- 
perts drawn from the fields of cardiology, cardiovas- 
cular nursing, education and film production. 

The system uses a number of different educational 
techniques coordinated by a nurse-instructor at your 
hospital. These include films, filmstrips, audiotapes, 
texts, lectures, demonstrations, clinical experience 
and learner self-assessment. 


New filmstrip: 
Arrhythmias Originating 
in the S-A Node 


New filmstrip: 
Cardiopulmonary 
Resuscitation (CPR) 


New filmstrip: 
Electrical Hazards 
in the CCU 








The Multimedia Learning System permits any hos- 
pital to train its own ICCU nurses. It increases the 
efficiency of established teaching programs, makes 
possible the training of individual replacements on 
any shift, and provides a means for keeping hospital 
staffs abreast of current developments in intensive 
coronary care. 


To see either the new components or the complete 
system demonstrated at your hospital, please write to 
RocoM, Division of Hoffmann-La Roche Inc., 
Nutley, New Jersey 07110. 


ICC Multimedia Learning System 


A John Sutherland Production 


Awarded first prize in its category by the National Visual Communica- 
tions Association, Expands and updates “Intensive Coronary Care—A 
Manual for Nurses” by Melizer, Pinneo and Kitchell (PHS Grant 
NU 00096, N.I.H. Division of Nursing). System financed in part by 
PHS Contract PH 108-67-205. 
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New filmstrip: 
Arrhythmias Originating 
in the Atria 





New filmstrip: 
Arrhythmias Originating 
in the A-V Junction 


L La 

"eat! Line 
it 
- —À = f r 
ee 
— be 
^ | 
M. At 





PSRs 


New Program 
Coordinator’s Manual 
and Planning Guide 


New Learner's 
Workbook and 
Planning Guide 
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New Learner 
Self-Assessment 
Program 
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New filmstrip: 
Arrhythmias Originating 
in the Ventricles 






ROCOM"™ 
Division of Hoffmann-La Roche Inc. 


Nutley, New Jersey 07110, 


MARCH 1972 


The American Journal of CARDIOLOGY 


Clinical Studies 


VOLUME 29 


NUMBER 3 





Circulatory Effects of Practolol 


ROBERT E. FINEGAN, MD 
ANTHONY M. MARLON, MD 
DONALD C. HARRISON, MD, FACC 


Stanford, California 


From the Cardiology Division, Stanford 
University School of Medicine, Stanford, 
Calif. This work was supported in part by 
National Institutes of Health Grants HE- 
5709, HE-05866, HE-09058, and Grant 
67-708 from the American Heart Associa- 


tion. Manuscript received February 5, 


1971, accepted April 7, 1971. 

Address for reprints: Donald C. Harrison, 
MD, Chief, Cardiology Division, Stanford 
University School of Medicine, Stanford, 
Calif. 94305. 


This study was designed to assess the hemodynamic effects of 
practolol, a beta adrenergic blocking agent that has been shown to 
be relatively cardioselective and to have more negative chronotropic 
than negative inotropic effects. Twenty-one patients with heart dis- 
ease were studied at rest, during exercise and after isoproterenol. 
Practolol was administered at levels of 200, 400 and 600 ,g/kg. 
The drug had no effect on resting intracardiac pressures, including 
left ventricular end-diastolic pressure, and it did not affect pulmonary 
or systemic vascular resistance, stroke work or arteriovenous oxygen 
difference. Doses of 400 and 600 „g/kg decreased resting heart rate 
and modified the tachycardia of exercise and isoproterenol. Cardiac 
index at rest was reduced 13 percent by higher doses. The first 
derivative of left ventricular pressure development (dp/dt) fell 
slightly, but only during exercise. In 2 patients, the competitive in- 
teraction between isoproterenol and practolol was shown by stepwise 
administration of increments of each drug. These data demonstrate 
that practolol, in appropriate doses, can be used in patients with 
heart disease to produce competitive beta blockade without concomi- 
tant deterioration of ventricular function. 


The clinical use of beta adrenergic blocking agents has provided 
new approaches to the treatment of several important cardiovas- 
cular disorders including arrhythmias, angina pectoris, hyper- 
trophic obstructive cardiomyopathies and hypertension.'? Al- 
though a number of drugs with beta adrenergic blocking action 
have been studied, propranolol has been used most widely in clini- 
cal practice. Recently, other agents have been synthesized, and 
their cardiovascular action has been studied in the search for a 
drug with selective beta adrenergic blocking properties. Pro- 
pranolol blocks the excitatory beta adrenergic receptors of the 
heart, resulting in both negative chronotropic and negative ino- 
tropic effects. In addition, it blocks the peripheral beta adrener- 
gic receptors which mediate smooth muscle relaxation in blood 
vessels and bronchioles.* 

Practolol, 4-(2-hydroxy-3-isopropyl amino-propoxy) acetani- 
lide, ICI, 50,172, or AY 21,011, is a recently synthesized drug that 
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* = atrial fibrillation; + = normal sinus rhythm. 


; A-VO:A — arteriovenous oxygen difference in volume percent; CAD 


valvular aortic stenosis 


AF = atrial fibrillation; Al = aortic insufficiency; Ao = arterial pressure; AS 


coronary artery disease; Cl = cardiac index (liters/min per m2); CO 


ventricle (mm Hg/sec) 
Iso = isoproterenol; LV 
dose of practolol (ug/kg) 


SV 


maximal rate of pressure rise in left 


(beats/min); IHSS = idiopathic hypertrophic subaortic stenosis; 


; Cond = experimental condition; dp/dt 


cardiac output (liters/min) 


exercise; HR = heart rate 


mitral regurgitation; MS = mitral stenosis; 


; PVR = pulmonary vascular resistance (arbitrary units); RA 


= stroke volume (cc pe 


; Diag. = diagnosis; D = diastolic; ED = end-diastolic: Ex 


mean pulmonary arterial wedge; Pract = 


Pa = pulmonary arterial; PAW 


mean; MR = 


left ventricle; M= 


atrial; RV = right ventricle; S = systolic; SI = stroke index, cc/min per m?; 


mean right 


r min); SVR = systemic vascular resistance (arbitrary units); SWI 


stroke work index (g-m/m?). 


Mae 


has been found to block predominantly excitatory 
beta receptors and thus be relatively cardioselec- 
tive." This drug may have advantages in the pa- 
tient with asthma or chronic obstructive airway 
disease when beta adrenergic blockade is desired. 
Furthermore, it has been suggested*? that practo- 
lol has more negative chronotropic than inotropic 
activity when compared to propranolol. It has been 
given to patients with congestive heart failure and 
after a myocardial infarct!?.! without significant 
side effects. 

This hemodynamic study was designed to mea- 
sure the circulatory effects of practolol during rest 
and supine exercise in patients undergoing cardiac 
catheterization in order to obtain a clearer under- 
standing of the action of the drug in patients with 
cardiac disease. 


Materials and Methods 


Twenty-one patients (11 women and 10 men) were 
selected for the study group. All the patients were hos- 
pitalized for evaluation of heart disease, and their 
status was considered to be class II or III (New York 
Heart Association classification). Clinical evaluation 
included history, physical examination, electrocardiog- 
raphy, phonocardiography and a cardiac X-ray series. 
Ages ranged from 25 to 66 years (mean 45 years). 
Fourteen of these patients had mitral stenosis without 
other valvular lesions or evidence of left ventricular 
disease, 2 had mitral regurgitation, 1 aortic insuffi- 
ciency, 1 idiopathic hypertrophic subaortic stenosis, 1 
valvular aortic stenosis, 1 hypertension and 1 coronary 
artery disease. All studies were performed during diag- 
noestie cardiac catheterization. 

After the patient had given informed consent to the 
administration of practolol as part of this evaluation, 
standard techniques were used for right heart catheter- 
ization. Pulmonary wedge pressure determinations were 
obtained in all patients for assessment of left atrial 
pressure, and the left ventricle was catheterized by 
retrograde techniques from the brachial artery. The 
first derivative of left ventricular pressure development 
(dp/dt) was determined by computer analysis of the 
left ventricular pressure curve. Data were obtained at 
rest and during bicycle exercise before and after ad- 
ministration of practolol* through the right heart 
catheter over a 10 minute period. Exercise was per- 
formed when possible with the patient in a supine po- 
sition on a calibrated bicycle ergometer for 10 minutes. 
Hemodynamic measurements were made only after 5 
minutes of steady exercise at a level that the physician 
estimated the patient could perform. Four patients re- 
ceived a low dose (160 to 200 pg/kg), 11 a moderate 
dose (400 »g/kg) and 6 a large dose (600 pg/kg) of 
practolol. Hemodynamie measurement was begun 15 to 
20 minutes after completion of the drug infusion. An 
isoproterenol challenge of 3 ug was administered as a 
single rapid injection through the right heart catheter 
to assess the degree of beta adrenergic blockade before 
and after the administration of practolol. Cardiac out- 
put was measured by the Fick method, except for 2 pa- 
tients who received graded doses of isoproterenol to 


* Kindly supplied as AY21, 011 by Dr. R. O. Davies of 
Ayerst Laboratories, Montreal, Canada. 
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evaluate the competitive nature of the beta blockade 
produced by practolol. In these patients, cardiogreen 
dye was used to measure cardiac output. These patients 
received practolol in 2 increments of 300 „g/kg, so that 
measurements were made in control conditions and 
after administration of 300 and 600 „g/kg. Response to 
graded doses of isoproterenol infusion (0.005 to 0.04 
pg/kg per min) for 5 minutes was measured during 
control periods and after the administration of the 2 
levels of practolol, 300 and 600 „g/kg. 


Results 


Clinical and hemodynamic data are listed for 
each patient studied in Table I. A summary of the 
hemodynamic changes and their significance dur- 
ing rest and exercise, both before and after the 
administration of practolol are shown in Table II. 
None of these measurements, including intracar- 
diac and arterial pressures, stroke index, stroke 
work, vascular resistance or arteriovenous oxygen 
difference were affected by the administration of 
practolol, either at rest or during exercise. How- 
ever, the drug did decrease heart rate significantly 
when given in a dose of 400 to 600 „g/kg during 
all 3 experimental conditions of rest, exercise and 
isoproterenol challenge (Fig. 1). Smaller doses 
(160 to 200 »g/kg) did not affect heart rate in 4 
patients who received this dose. 

Cardiac output: The average resting cardiac 
index was not altered significantly by the adminis- 
tration of 160-200 „g/kg of practolol but was re- 
duced from 2.4 to 2.1 liters/min per m? (P <0.01) 
by the administration of 400 „g/kg and from 3.0 to 
2.6 liters/min per m? (P —0.01) by the administra- 
tion of 600 „g/kg (Fig. 2). Although the average 
maximal cardiac index achieved during supine ex- 
ercise was slightly lower after administration of 
200 and 400 „g/kg of practolol, these reductions 


300 
250 
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RATE/|min 
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HEART 


100 





REST ISOPROTERENOL 


EXERCISE 


Figure 1. Effect of practolol on heart rate at rest, in re- 
sponse to isoproterenol and during exercise in patients re- 
ceiving 400 or 600 „g/kg. Crossed | bar indicates mean + 
standard error of the mean. In this and other figures, data 
to the left represent control data, and to the right, the value 
measured after the administration of practolol. 
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CIRCULATORY EFFECTS OF PRACTOLOL 


TABLE Il 


Hemodynamic Indexes at Rest and During Exercise Before 
and After Practolol 





Rest Exercise 


Control Practolol Control Practolol 





RAM 5,2 212. a 5:8 3462.4 
PAWM  À 18.33 7.1 17.6+ 6.6 
PAM 26.8+9.3 25.62- 8.0  40.32- 17.4 40.34 15.3 
LVed 11.63-5.0 11.6:-7.1 — 16.02- 8.1 314.1 2- 9.0 
Ao M 91.8 + 14.5 89.9+ 12.3 100.14 16.2 94.3 2 15.7 


HESS 9.3 4 
24.5+ 10.1 22.9 4 7.7 


SI 34.0 + 10.0 33.04 11.0 34.0+ 12.0 35.0 2- 13.0 
PVR 2.1: 1.0 “LOS 8 L94:1.2. 2.53: 23 
SVR 19.824: 5.4 21.5+6.4 4 16:9-E6.3 1795 
a-v OsA Mak l.l — 5.8 sk Te 99+ 3.1. 16 SE 


SW 71.8 + 21.0 66.5 + 19.0 62.8+ 18.0 61.7 4- 10.0 


All values presented are averages + standard errors. Dif- 
ferences were not significant in any index at rest or during exer- 
cise. 

SW = stroke work (g-m); other abbreviations as in Table |. 
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Figure 2. Effects of 3 levels of practolol on resting cardiac 
index. N.S. — not significant. 
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Figure 3. Effects of 3 levels of practolol on cardiac index 
during exercise. 
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Figure 4. Effects of 400 and 600 „g/kg of practolol on the 
rate of pressure development in the left ventricle (LV dp/dt) 
in 3 conditions. 


were not statistically significant (Fig. 3). How- 
ever, after administration of 600 „g/kg of practo- 
lol, the maximal cardiac index achieved during ex- 
ercise was decreased by 16 percent, an average of 
4.5 to 3.8 liters/min per m?, which was significant 
(P <0.05) (Fig. 3). 

When the patients with mitral stenosis are pre- 
sented separately from those with diseases affect- 
ing the left ventricle, the action of the drug is 
shown to be more pronounced. Patients with mitral 
stenosis had no significant reduction in cardiac 
output after administration of practolol, but the 
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Figure 5. Cardiac output determinations in 2 patients re- 
ceiving successive, increasing doses of practolol and iso- 


proterenol. 
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DOTTTAPURES, OF" eT OR La quam : 


TABLE Ill 


Cardiac Output (liters/min) Before and After Practolol 
Sapa lta 9S0) 00x ouo o. 1. UMEN DOING I ENCRCK 


REST 
Centrol Practolol P Value 

All patients 

(no. — 21) 4.6 4- 3 4.34 3 0.25 
Mitral stenosis 

(no. — 14) 4.2 4- 3 3.9+ 3 NS 
Left ventricular 

disease 

(no. — 7) 54+ 5 4.55 0.01 





NS = not significant. 


decrease was significant in those with left ventricu- 
lar disease (Table I). When both groups are pre- 
sented together, the findings show at all dose 
ranges a small but significant decrease in cardiac 
output in response to administration of practolol 
(Table III). 

Left ventricular dp/dt: The effects of practo- 
lol, 400 and 600 „g/kg, on the average of left ven- 
tricular dp/dt were not significant at rest (Fig. 4). 
The increase in left ventricular dp/dt produeed by 
injection of isoproterenol was also not significantly 
altered by higher doses of practolol, although only 
5 patients were studied. The elevation of left ven- 
tricular dp/dt produced by exercise was slightly 
but significantly reduced from 1,348 to 1,085 mm 
Hg/sec (P <0.05) after administration of the 
larger doses of practolol (Fig. 4). Low doses of 
practolol (160 or 200 ng/kg) had no effect on left 
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Figure 6. Left ventricular dp/dt in 2 patients receiving suc- 
cessive doses of practolol and isoproterenol. 
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ventricular dp/dt at rest, during exercise or after 
injection of isoproterenol. 

Effect of isoproterenol: Figure 5 illustrates the 
inerements in cardiac output in response to graded 
infusion of isoproterenol during a control period 
and after administration of 300 and 600 „g/kg of 
practolol in 2 patients. The dose response curves 
were shifted to the right and downward following 
both levels of practolol; that is, there was less in- 
crease in cardiac index for a given dose of isopro- 
terenol. Similar observations were made in respect 
to increments of left ventricular dp/dt produced by 
isoproterenol after administration of practolol 
(Fig. 6). The other hemodynamic data on these 
patients are presented in Table IV. 

Other hemodynamic changes: No consistent or 
significant changes in right atrial, pulmonary ar- 
terial, pulmonary arterial wedge, left ventricular 
end-diastolic, or arterial pressures were noted af- 
ter any of the 3 levels of practolol administration. 
Neither systemic nor pulmonary vascular resis- 
tance was altered by the drug. Stroke index and 
stroke work were not significantly reduced by the 
administration of practolol (Tables I, II and IV). 


TABLE IV 


CIRCULATORY EFFECTS OF PRACTOLOL 


Side effects: Although several transient side 
effects were noted during and after administration 
of practolol, none was serious enough to merit 
treatment. The side effects were. not dose-related. 
Two patients complained of brief nausea after re- 
ceiving the drug. In 2 patients atrial fibrillation de- 
veloped during manipulation of the catheter in the 
right atrium, in 1 before and in 1 after beta block- 
ade. In both there was reversion to sinus rhythm 
within 24 hours. In another patient transient no- 
dal rhythm developed during the catheterization 
after administration of practolol but reverted to 
sinus rhythm within 3 hours. 


Discussion 

Our studies were designed to evaluate the over- 
all circulatory effects of practolol in patients with 
various forms of heart disease, and to attempt to 
assess its beta blocking activity in relation to its 
propensity to depress cardiac function. 

In the resting state, only minimal changes in 
circulatory dynamics were observed after the ad- 
ministration of 160 to 600 »g/kg of practolol. In 
spite of the relative depression of cardiac output 


Hemodynamic Responses to Graded Levels of Isoproterenol and Various Doses of Practolol in 2 Patients 


RV PA LV Ao 
Pract Iso RA S/ED S/D/M PAW S/ED S/D/M HR co CI SV SI SWI dp/dt 
A. Case 20 (Mitral Stenosis, Sinus Rhythm) 

0 0 7 47/8 44/20/28 24 110/10 116/74/95 96 6.1 3.7 65 39 50.4 910 
0.005 6 47/8 49/30/34... 112/6 112/72/90 170 6.4 3.9 38 23 28.2 975 
0.010 7 63/7 62/28/47] X ... 104/6 104/70/84 210 8.0 4.8 38 23 26.3 1,150 
0.020 7 80/10. — 75/87/52 — ... 110/6 110/66/81 260 9.0 5.4 35 21 23.1 1,175 
300 0 7 52/4 52/31/40 . ... 116/6 116/82/100 96 7.2 4.2 75 45 61.2 1,012 
0.005 9 48/4 47/32/35 ... 110/8 110/74/84 102 5.8 3.5 56 34 38.8 1,063 

0.010 7 53/- 56/33/44 . ... 102/8 102/66/76 108 6.4 3.9 60 36 37.2 
0.020 8 69/- 69/37/49  ... 106/6 106/66/78 122 6.6 4.0 55 33 35.0 1,139 
600 0 8 45/4 44/28/35 . ... 110/8 110/80/86 102 5.1 3.1 50 30 35.1 987 
0.005 7 48/5 49/32/39  ... 104/6 104/72/82 108 5.2 3.1 48 29 32.3 962 
0.010 8 54/- 54/30/42 . ... 108/8 108/68/78 108 5.8 3.5 53 32 33.9 987 
0.020 6 54/3 58/32/43 . ... 92/8 92/66/74 126 7.0 4.2 55 33 33.2 987 

B. Case 21 (Hypertension, Sinus Rhythm) 

0 0 des 243 edi = 164/10 X 180/96/130 84 5.5 2.5 65 30 53.0 1,200 
1:005... -... ; «5 37/15/23 | os 180/9 180/94/123 96 vil 3.3 74 34 56.9 1,333 
O10: s. JT cy. ^u. 168/6 168/86/113 100 6.9 3.2 70 32 49.2 1,358 
BI ous Sas 40/15/23  ... 150/4 150/72/100 112 6.8 3.1 61 28 38.1 1,333 
300 0 2 37/5 39/17/22 12 174/22 | 174/100/120 80 4.9 2.3 63 29 47.3 1,061 
0.005  ... "i 38/14/25 | fs 156/10  156/86/116 84 5.8 251 70 32 50.5 1,037 
OGIO .... f 39/18/26  ... 170/14  170/88/118 92 6.7 3.1 76 35 56.2 1,160 
nO ie P 39/17/22 ... 146/8 146/78/96 104 8.6 4.0 83 38 49.6 1,111 
600 0 5 37/5 42/21/28 15 168/28 X 168/96/116 80 4.9 2.3 63 29 45.8 1,061 
EUM i. tT 40/17/29  ... 159/11 . 159/100/114 84 5.6 2.4 63 29 45.0 1,012 
BIO s. Jt 26/15/21 —.... 136/8 141/76/108 86 5.9 e 67 31 45.5 1,012 
0.099... ... Aj 38/14/22  ... 150/7 150/82/98 92 6.4 2.9 70 32 42.7 1,012 
0:000. |... 45/19/23... 140/7 140/76/94 112 7.5 3.5 67 31 39.6 1,135 


Iso = dose of isoproterenol in ug/kg per min. Other abbreviations as in Table I. 
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and elevation of end-diastolic pressure levels in the 
patients with more severe degrees of circulatory 
impairment in the control period, no further sig- 
nificant increase in left ventricular end-diastolic 
pressure was noted, even after the higher doses of 
practolol were administered (Table II). (This was 
true of patients with mitral stenosis as well as 
those with conditions affecting the left ventricle.) 
Furthermore, at rest left ventricular dp/dt did not 
fall significantly, despite a decrease in heart rate 
and a small decrease in the cardiac index. These 
observations are especially important, since they 
. were made after the administration of doses of 
. practolol which produced substantial beta adrener- 
gic blockade as demonstrated by the responses to 
isoproterenol challenges. All of these observations 
suggest that practolol has little negative inotropic 
effect in the doses administered in these patients at 
rest. 

In low doses the drug appeared to augment the 
contractile state of the heart. In Patient 20, with 
mitral stenosis, the drug augmented cardiac out- 
put at the 300 „g/kg level and increased left ven- 
tricular dp/dt at both the 300 and 600 pg/kg levels 
(Table IV). Other investigators have noted this 
beta stimulating effect of the drug.* 

Practolol altered the circulatory responses to ex- 
ercise only slightly. The maximal heart rate, left 
ventricular dp/dt and cardiac index achieved dur- 
ing exercise were reduced significantly after ad- 
ministration of 600 „g/kg of practolol, but not al- 
tered by the administration of 400 „g/kg. No other 
hemodynamic changes occurring during supine ex- 
ercise were significantly different after the ad- 
ministration of practolol from those recorded dur- 
ing the control exercise study (Table II). No dif- 
ference in the responses of cardiac output to exer- 
cise, either before or after practolol, was noted 
when the patients with left ventricular disease 
were presented separately from those with mitral 
stenosis. The supine posture undoubtedly modified 
the effects produced by the drug, since adrenergic 
status is more important in the erect posture. 

signifieant beta adrenergic blockade was dem- 
onstrated by a dose of 300 to 400 „g/kg in this 


study and documented by blockade of the effects of 
exogenously administered isoproterenol. A dose of 
600 ug/kg of practolol did not appear to be sig- 
nificantly more effective in producing beta adren- 
ergic blockade than the dose of 400 „g/kg, when 
comparative studies were made utilizing single 
doses of practolol in patients given each dose level. 
However, when dose response curves were per- 
formed, as in Cases 20 and 21, practolol in doses of 
300 and 600 „g/kg produced stepwise and signifi- 
cantly different levels of blockade to infusions of 
isoproterenol (Fig. 5). The dose-response curves 
were shifted downward and to the right in a pro- 
gressive fashion, as would be expected when a 
competitive antagonist was used to block the 
adrenergic receptors. 

Clinical implications: Although the data nei- 
ther confirm nor negate the contention of Sowton 
et al* that the drug has more negative chrono- 
tropic than negative inotropic effects, it does seem 
that effective beta blockade can be indueed with 
practolol at levels that do not significantly im- 
pair ventricular performance. However, it should 
be emphasized that the condition of any patient 
who is dependent upon his sympathetic nervous 
system to maintain circulatory compensation may 
deteriorate following beta blockade. 

Practolol produced little impairment of circula- 
tory function when given to patients with either 
left ventricular disease or mitral stenosis in the 
resting state. The drug does not markedly impair 
cireulatory performance during exercise, although 
at higher doses the cardiac index was lower than 
in the control conditions. These changes appear to 
be directly related to the slower heart rate that the 
drug produced. Only at higher doses and during 
exercise did practolol significantly alter the rate 
at which left ventricular tension was developed 
during exercise, and dose-response curves to iso- 
proterenol progressively were shifted to the right 
and downward by the administration of practolol 
in progressively larger doses. These altered hemo- 
dynamies appeared to be more prominent in pa- 
tients with left ventricular disease but are still of 
minor consequence, 
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In 24 patients left ventricular (tipmanometer) and aortic pressure 
measurements were carried out before and during a standardized 
handgrip. On the basis of findings at diagnostic cardiac catheteriza- 
tion, the patients were divided into 2 groups. Group 1 consisted of 
13 patients without or with minimal loading of the left ventricle; 
group 2 comprised 11 patients with a primarily pressure-loaded left 
ventricle or coronary heart disease. During handgrip left ventricular 
systolic pressure, end-diastolic pressure and heart rate increased sig- 
nificantly in both groups. However, the extent of the increase of left 
ventricular end-diastolic pressure was considerably greater in group 
2 (+8.2 mm Hg) than in group 1 (+2.0 mm Hg). Both left ventricu- 
lar maximal dP/dt and the maximal quotient (dP /dt)/P, which repre- 
sents a measure of the velocity of shortening of the contractile ele- 
ments, increased significantly in group 1; in group 2 only maximal 
dP/dt increased significantly, and this increase was only about half 
of that observed in group 1. The time intervals from the onset of con- 
traction to the points of maximal dP/dt and maximal (dP /dt)/P, 
respectively, shortened significantly during handgrip in group 1 and 
remained unchanged in group 2. We conclude that (1) left ventricu- 
lar contractile function is impaired in patients in group 2 compared 
with that in group 1; (2) the primary response of the normal or near 
normal left ventricular myocardium to an acute load produced by 
handgrip is enhancement of the contractile state; and (3) the com- 
promised left ventricular myocardium is most likely to utilize the 
Frank-Starling mechanism to generate increased pressure. 


High-fidelity pressure measurements have been recently employed 
to assess left ventricular contractile function in man.'^^ From 
the isovolumic portion of auxotonic beats pressure-velocity curves 
may be constructed that serve to determine the maximal velocity 
of the contractile elements (Vmax), the independent measure of 
contractility. 1911 The Vmax of patients with myocardial hyper- 
trophy secondary to chronic pressure overloading, and particu- 
larly of those with idiopathic myocardial disease, has been re- 
ported‘ to be significantly reduced compared with that of normal 
control subjects. However, another study? showed considerable 
overlap of Vmax in patients whose usual resting catheterization 
data suggested normal left ventricular function and in those who 
had abnormal cardiac function on the basis of decreased left ven- 
tricular ejection fraction or increased end-diastolic volume or 
pressure. Furthermore, estimation of Vmax by extrapolating 
pressure-velocity curves is often difficult and subjective in na- 
ture. =s 
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It is therefore anticipated that evaluation of 
contractile function may be facilitated if one relies 
primarily on changes in left ventricular dynamic 
values during an induced additional stress rather 
than during rest. Moreover, left ventricular con- 
tractile function can be assessed by the use of 
finitely measurable velocity indexes, such as the 
maximal rate of rise of left ventricular pressure!4 
and the peak measured velocity of shortening of 
the contractile elements,5.12.13.15-17 when due consid- 
eration is given to variations in loading occurring 
during stress. 

A stress test that is particularly easy to perform 
at cardiac catheterization is isometric exercise.18-23 
We therefore chose a standardized handgrip test 
for the present study in which we intended to 
assess left ventricular function in 2 groups of pa- 
tients (1) those without or with minimal loading 
of the left ventricle and (2) those with an essen- 
tially pressure-loaded left heart chamber or with 
coronary disease. 


Material and Methods 


Twenty-four patients were studied by right and left 
heart catheterization for diagnostic purposes, They 
were given Librium®, 10 mg orally, 1 hour before the 
procedure. After the diagnostic part of the catheteriza- 
tion a Statham SF-1 (23 cases) or a Telco (Gentilly) 
(1 case) tipmanometer catheter was introduced in T 
instances into the left ventricle through an atrial sep- 
tal defect, in 2 instances through an open foramen 
ovale, in 4 instances by the retrograde aortic route?! 
and in 11 instances by the transseptal approach.?5 In- 
formed consent of the patients was obtained for this 
study. When the tipmanometer was positioned in the 
left ventricle 5,000 units of heparin was administered 
intravenously. 

The 24 patients were divided into 2 groups according 
to the results of the diagnostic catheterization at rest. 
Group 1 comprised 13 patients without or with minimal 
loading of the left ventricle: 7 patients with uncom- 
plicated atrial septal defect, 2 with patent ductus ar- 
teriosus (left to right shunt 11 and 18 percent, respec- 
tively, of the pulmonary flow), 1 with moderate valvu- 
lar pulmonary stenosis and open foramen ovale, 1 with 
minimal coarctation of the aorta (4 mm Hg difference 
between mean pressures in the ascending and descend- 
ing aorta), 1 with moderate primary pulmonary hyper- 
tension and open foramen ovale and 1 with pectus ex- 
cavatum. Group 2 comprised 11 patients. Four had 
aortic stenosis and mild aortic incompetence (mean sys- 
tolic pressure gradient across the aortic valve between 
62 and 90 mm Hg ; aortic regurgitant fraction as deter- 
mined by thermodilution?? less than 0.13). In 1 of these 
4 patients minimal mitral regurgitation was detected 
by left ventricular angiocardiography; in another, a 
small ventricular septal defect with a left to right 
shunt of 20 percent of the pulmonary flow was present. 
Two patients had combined aortic valve stenosis and 
incompetence (mean systolic pressure gradient across 
the aortic valve 17 and 27 mm Hg, aortic regurgitant 
fraction 0.35 and 0.40, respectively). Four patients had 
coronary heart disease in which selective coronary ar- 
teriography,?' performed after the handgrip study, re- 


vealed either complete or almost complete occlusion of 
at least 1 of the 3 major coronary vessels, In 3 of these 
4 patients there was electrocardiographic evidence of 
earlier myocardial infarction, and the fourth patient 
presented typical angina after walking 20 Master steps 
and had signs of ischemia in the electrocardiogram. 
The eleventh patient had idiopathic biventricular hy- 
pertrophy of the myocardium. 

All patients had sinus rhythm at the time of tne 
study except 2 with atrial septal defect who had nodal 
rhythm. The electrocardiogram of 1 patient with atrial 
septal defect showed right bundle branch block (QRS 
interval 0.14 second), and that of 1 patient with com- 
bined aortic stenosis and incompetence showed left 
bundle branch block (QRS interval 0.14 second). In the 
remaining patients the duration of the QRS interval 
ranged from 0.07 to 0.11 second. 

The following hemodynamic variables were deter- 
mined : left ventricular pressure (P) by the tipmanom- 
eter and through the lumen of the catheter by the cor- 
ventional technique (external Statham P23Db pressure 
transducer); aortic pressure by the conventional tech- 
nique and in some cases by a Statham SF-1 tipmanom- 
eter catheter; heart rate; and electrocardiogram. From 
the high-fidelity left ventricular pressure curves the 
first derivative (dP/dt) and the instantaneous quotient 
(dP/dt)/P were obtained by an analog calculating 
unit.?.25 All recordings were made on an Electronics 
for Medicine DR/8 oscillograph at a paper speed of 200 
mm/sec, 

From the pressure recordings the following mea- 
surements were made: left ventricular peak systolic, 
left ventricular end-diastolic, systolic aortic, diastolic 
aortic and mean aortic pressures, maximal rate of rise 
of left ventricular pressure (maximal dP/dt), time in- 
terval from the onset of contraction to the point of 
maximal dP/dt (t-dP/dt), maximal quotient (dP/ 
dt)/P, time interval from the onset of contraction to 
the point of maximal (dP/dt)/P (t — max[dP/dt]/P), 
time interval from the onset of contraction to the point 
of aortic valve opening (t-isov). The measurements 
were carried out in those beats with a left ventricular 
end-diastolic pressure that represented an average 
value of all beats over 1 respiratory cycle. 

When a constant left ventricular geometry is as- 
sumed during the isovolumic portion of contraction and 
when there is a normal spread of activation, (dP/dt)/P 
is proportional to the velocity of shortening of the con- 
tractile elements (Vo,).*-19.11 By inserting the coeff- 
cient of series elasticity into the denominator, Vep can 
be calculated in terms of muscle lengths or circumfer- 
ences/sec.?.!? Although in cat papillary muscles a simi- 
lar coefficient of series elasticity has been reported for 
the normal, hypertrophied and failing myocardium,?8 
the assumption of a uniform eoefficient in the present 
study with patients having coronary heart disease did 
not appear to be justified. Forwand et al.2® showed that 
in dogs with chronic myocardial infarction from liga- 
tion of the left anterior descending coronary artery the 
coefficient of series elasticity was only about half of 
that determined in dogs with normal left ventricular 
myocardium. Therefore, no caleulation of Vg in terms 
of muscle lengths or cireumferences/sec was attempted. 
However, in a given patient the value of maximal (dP/ 
dt)/P computed during the isovolumic phase of con- 
traction provides a valid index for changes of peak 
measured velocity of shortening during handgrip. 


It is clear that in contrast to the extrapolated Vmax 
peak measured velocity cannot be considered an inde- 
pendent measure of contractility because it would be 
influenced somewhat by variations in preload. In the 2 
patients with bundle branch block maximal (dP/dt)/P 
was not determined since, in the presence of asynchro- 
nous activation, local fiber shortening and stretching is 
likely to occur during the early part of isovolumic con- 
traction, resulting in different preloads in the various 
parts of the left ventricular myocardium. Although 
Vmax at zero load can be expected not to be altered by 
asynchronous activation,?? changes of peak measured 
velocity may well occur due to altered overall preload. 
In 1 patient with atrial septal defect in group 1, the 
curve of the quotient (dP/dt)/P was not satisfactory 
for technical reasons and was discarded. 

In 2 patients in group 2 with minimal mitral incom- 
petence and a small ventricular septal defect no true 
isovolumie portion of the left ventricular systole was 
present, However, the data in these 2 cases were in- 
cluded in the calculations of maximal dP/dt and maxi+ 
mal (dP/dt)/P because (1) the escape of blood from 
the left ventricular end-diastolic volume through the 
mitral valve and the ventricular septal defect, respec- 
tively, during the time interval from the onset of con- 
traction to the moment of aortic valve opening, and 
therefore left ventricular fiber shortening, was pre- 
sumably small, and (2) the major emphasis in this 
study was on the magnitude of change of the left ven- 
tricular velocity indexes during handgrip rather than 
on comparison between control values. 

The experimental protocol for the handgrip test 
was as follows: The patient was first familiarized 
with a balloon dynamometer (Fig. 1) that he had to 
squeeze with the right hand. This dynamometer consists 
of a water-filled rubber balloon (diameter 5.5 cm) to 
which a vertical closed-tip glass tube is attached. The 
pressure developed within the balloon during compres- 
sion is indicated by the height of the level to which the 
fluid rises. The pressure in kg/cm? is read from a non- 
linear scale attached to the glass tube. The performance 
achieved during a compression time of 1 to 2 minutes 
ranged from 0.2 to 0.4 kg/cm?. When the patient had 
become familiar with the handgrip test, a control run 
at rest was carried out. He was then asked to squeeze 
the balloon with an intensity that, according to his 
constitution, he could presumably hold during 2 min- 
utes, Experimental runs were obtained after 1 and 2 
minutes of compression. When the patient was able to 
hold the same level of compression for 2 minutes the 
experimental run after 2 minutes was used for calcu- 
lations. When he could not maintain the initial level 
between the first and the second minutes, calculations 
referred to the run obtained after the first minute. To 
eliminate an intrathoracic increase in pressure by an 
eventual Valsalva maneuver the patient was asked to 
speak during the few instances of pressure recording. 
The average handgrip performance in the 2 groups was 
quite similar (0.30 + 0.05 [sD] kg/cm? in group 1 and 
0.31 + 0.04 kg/cm? in group 2). 


Results 


Group 1: Figure 2 illustrates the hemodynamic 
changes that occurred during handgrip in a pa- 
tient representative of group 1. Isometric exercise 
led to an increase in heart rate, left ventricular 


LEFT VENTRICULAR FUNCTION DURING ISOMETRIC EXERCISE 





Figure 1. Balloon dynamometer that allows standardized 
handgrip studies. 


peak systolic pressure, and systolic, diastolic and 
mean aortic pressures. Left ventricular end-dia- 
stolic pressure increased slightly. Maximal dP/dt 
and maximal (dP/dt)/P increased, and the time 
intervals from the onset of contraction to these 2 
points shortened (Table I). All variables changed 
significantly except the time interval from onset of 
contraction to aortic valve opening. The increase 
of left ventricular end-diastolic pressure although 
significant was slight (+2 mm Hg). On the aver- 
age, maximal dP/dt during control occurred 8 
msec (range 0 to 16 msec) and during handgrip 11 
msec (range 4 to 23 msec) before aortic valve 
opening. 

Group 2: Figure 3 shows the hemodynamic ef- 
fects of handgrip in a single experiment. As in 
group 1, a definite increase in heart rate, left ven- 
tricular peak systolic pressure and systolic, dia- 
stolic and mean aortic pressures occurred. Left 
ventricular end-diastolic pressure increased siz- 
ably. There was also an increase of maximal dP/dt. 
Maximal (dP/dt)/P decreased slightly. The time 
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intervals from the onset of contraction to the 
points of maximal dP/dt and maximal (dP/dt)/P 
tended to increase under isometric exercise. 

Table I shows the pooled data of group 2 and the 
differences in changes of the various indexes 
studied in the 2 groups. Heart rate, left ventricu- 
lar peak systolic pressure and systolic, diastolic 
and mean aortic pressures increased significantly ; 
the extent of increase was similar to that in group 
1. Left ventricular end-diastolic pressure also in- 
creased significantly; however, the magnitude of 


298 


Handgrip 0.3kg/cm? 2min 


LLL HH EI M T 
line 
IN -- J} \ " 


Handgrip 0.3 kglcm? 2 min 






Figure 2. Isometric exercise by 
handgrip in a patient from group 
1 with an atrial septal defect. 
During handgrip the left ven- 
tricular systolic pressure, the 
aortic pressure and the heart rate 
Aop increased. The left ventricular 
end-diastolic pressure increased 
slightly. Maximal dP/dt and the 
maximal quotient (dP/dt)/P 
tended to increase. The time in- 
tervals t-Vpm and t-dP/dt short- 
ened. The left ventricular pressure 
is measured by a Statham SF-1 
tipmanometer and by the conven- 
ticnal technique. During handgrip 
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trections. AoP — aortic pressure; 
dP/dt — rate of rise of left ven- 
tricular pressure (first derivative); 
dP/dt/P = instantaneous quo- 
tient of first derivative divided by 
left ventricular pressure; ECG — 
electrocardiogram; HR = heart 
rate; LVP — left ventricular pres- 
sure; t-dP/dt — time interval from 
the onset of contraction to the 
point of maximal dP/dt; t-Vpm — 
time to peak velocity, that is, time 
interval from the onset of con- 
traction to the point of maximal 
(dP/dt)/P. 


AoP Figure 3. Isometric exercise by 
handgrip in a patient from group 
2 with coronary heart disease. 
Similar to the effects in the pa- 
tient from group 1, handgrip led 
to an increase of the left ven- 
LVP tricular systolic pressure, the 
aortic pressure and the heart rate. 
In contrast, the left ventricular 


que (mmHg/sec) 
end-diastolic pressure showed a 


VP dP/dt more pronounced increase than 
in the patient from group 1 de- 

dP/dt picted in Figure 2. Whereas maxi- 

P mal dP/dt increased, maximal 

ECG (dP/dt)/P tended to decrease 


during handgrip. The time inter- 
vals t-Vpm and t-dP/dt length- 
ened slightly. The left ventricular 
pressure is measured by a tip- 
manometer and by the conven- 
tional technique. Abbreviations as 
in Figure 2. 


increase (+8.2 mm Hg) was significantly greater 
than in group 1. Maximal dP/dt increased sig- 
nificantly. In the control state maximal dP/dt oc- 
curred 3 to 16 msec before aortic valve opening ex- 
cept in 3 patients with predominant aortic stenosis 
whose maximal dP/dt fell into the early portion of 
the ejection phase (4, 18 and 36 msec, respectively, 
after aortic valve opening). In 2 of these 3 patients 
maximal dP/dt occurred slightly within the early 
ejection phase, even when diastolic aortic pressure 
had increased during handgrip. Maximal (dP/ 
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TABLE ! 
Left Ventricular Dynamics During Handgrip (mean values +1 SD) 


eee tne ee 
Age LVSP  LVEDP SAP DAP MAP HR max dP/dt P t-dP/dt à P t-isov 


(yr) (mmHg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (per min-?) (mm Hg/sec) (sec!) (msec) (msec) (msec) 


Group 1 (9 Women, 4 Men) 
Control 31.1 111 10.6 111 70 90 74 1540 39.1 72 43 80 


4-14.6 +13 +3.8 +13 +6 +9 +20 + 350 +8.2 +13 +10 +15 
Handgrip 138 12.6 138 89 112 95 2100 46.5 66 37 77 
(0.30 + 0.05 kg/cm?) +21 +41 +21 +11 +14 Zl +870 +9.6 +11 +6 +14 
no. 13 13 13 13 13 13 13 11 13 11 
P value* <0.001 «0.001 <0.001 <0.001 <0.001 <0.001 «0.01 <0.01 <0.02 <0.05 NS 





Group 2 (2 Women, 9 Men) 





aLe oo o ati naar eens ne a 
Control 45.5 166 22.7 127 73 96 73 1560 30.4 70 40 72 
491.0" 50 8.5 +20 +8 +10 +9 +470 3-11:1 3-14 +12 +18 
Handgrip 190 30.9 155 92 119 91 1830 27.8 68 42 70 
(0.31 + 0.04 kg/cm?) +51 +9.5 +23 HL +14 +13 + 460 +9.2 +11 +11 +15 
no. 11 11 11 11 11 11 11 10 11 10 11 
P value* <0.001 <0.01 «0.001 <0.001 <0.001 <0.001 <0.001 NS NS NS NS 
P valuet NS <0.01 NS NS NS NS NS <0.01 NS «0.05 NS 


EUM e i ee 


* Determined by paired t test. 
+ Determined by unpaired t test; values refer to the differences in changes of all the variables observed in the 2 groups. 
DAP = diastolic aortic pressure; HR = heart rate; LVEDP = left ventricular end-diastolic pressure, LVSP = left ventricular peak sys- 
dP/dt 
tolic pressure; MAP = mean aortic pressure, max dP/dt = maximal rate of left ventricular pressure rise; max ve = maximal quotient 
of dP/dt divided by P during isovolumic contraction; no. = number of observations; NS = not significant (P > 0.05); SAP = systolic 
aortic pressure; t-dP/dt = time interval from the onset of contraction to the point of max dP/dt; t-isov = duration of the isovolumic 





; dP/dt : C dP/dt 
contraction; t-max ST — time interval from the onset of contraction to the point of max : 
dt) /P showed only minor and insignificant changes tion of high-fidelity left ventricular pressure 
during isometrie exercise. Comparison with the curves. 
changes of this index in group 1 showed a statis- Myocardial contractility in response to hand- 
tically significant difference. The time intervals grip: The response to standardized handgrip of 
from the onset of contraction to the points of our patients whose findings at catheterization 
maximal dP/dt and maximal (dP/dt) /P remained showed no or minimal loading of the left ventricle 
essentially unchanged during handgrip. As in (group 1) was characterized by a significant in- 
group 1, the duration of isovolumic contraction did crease of maximal dP/dt (Table I) associated with 
not change significantly. a significant increase in left ventricular end-dia- 


stolic pressure that in absolute terms was small 
(average +2.0 mm Hg). Figure 4 illustrates the 


Discussion changes that took place in the individual patients 

It is generally accepted that, in contrast to dy- in group 1. In group 2, comprising patients with 
namic exercise, isometric exercise such as that per- a primarily pressure-loaded left ventricle or coro- 
formed during handgrip leads to a sizable increase nary heart disease, there was also a significant in- 
in aortic pressure and thus constitutes an acute crease of maximal dP/dt although it was only 
pressure load of the left ventricle.5-?? Several in- about half of the magnitude observed in group 1. 
vestigators?"?* have used handgrip to stress the This increase in maximal dP/dt was accompanied 
heart during catheterization. In their studies?!” by a large augmentation of left ventricular end- 
left ventricular function was evaluated from the diastolic pressure. Therefore, the individual “‘ven- 
changes of external performance of the left heart tricular function curves” (Fig. 4) showed in gen- 
chamber, that is, the variations of stroke work, eral a flatter slope in patients in group 2 than ir 
relative to changes in left ventricular end-diastolic patients in group 1. Hence, left ventricular con 
pressure. However, we know of no investigation in tractile function appeared to be impaired in the 
which left ventrieular function was assessed by majority of patients in group 2. The patient it 


velocity indexes derived from the isovolumic por- this group who showed at rest the lowest value fo: 
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LVEDP (mmHg) 


Figure 4. Changes of the maximal rate of rise of left ven- 
tricular pressure (max dP/dt) and of the left ventricular 
end-diastolic pressure (LVEDP) during handgrip in the indi- 
vidual patients. One may note that in the majority of the 
patients of group 1 the slope of the “ventricular function 
curves" was steeper than in the patients of group 2. The 
flattened slope of the patients in group 2 is indicative of a 
reduced left ventricular contractility as compared to the 
cases in group 1. 


left ventricular end-diastolic pressure (less than 
10 mm Hg) and the highest maximal dP/dt (more 
than 2,000 mm Hg/sec) had a clearly pathologic 
response to handgrip: maximal dP/dt remained 
unchanged during isometric exercise, whereas left 
ventricular end-diastolic pressure increased 10 
mm Hg. 

A different response to handgrip of the 2 groups 
of patients was also observed when maximal 
(dP/dt)/P was plotted against left ventricular 
end-diastolic pressure (Fig. 5). In group 1 all but 
1 patient had an increase in maximal (dP/dt)/P 
associated with no change or small increases in 
left ventricular end-diastolic pressure. In contrast 
the response of maximal (dP/dt) /P in the patients 
of group 2 was variable with a tendency toward a 
decrease. Since left ventricular end-diastolic pres- 
sure increased sizably in the majority of patients 
in group 2 the course of the “ventricular function 
curves” in this group was very flat or even de- 
scending, whereas more or less steeply ascending 
curves were elicited by patients in group 1 (Fig. 


5). 

Maximal dP/dt, maximal (dP/dt)/P and left 
ventricular afterload and preload: The use of 
maximal dP/dt and maximal (dP/dt)/P as in- 


. dexes for the assessment of left ventricular con- 


tractile function needs some comment. In ani- 
mals?'? and in man!*2?*5* jt has been shown that 
maximal dP/dt is dependent not only on myocar- 
dial contractility but also on afterload and preload. 
An increase in afterload as well as in preload leads 
to an increase in maximal dP/dt. With respect to 
the afterload dependency, it must be mentioned 
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that in dogs an increase in maximal dP/dt was ob- 
served when, before an enhancement of diastolic 
aortic pressure, maximal dP/dt occurred simul- 
taneously or not more than 5 msec before aortic 
valve opening.?? An increase of maximal dP/dt 
can also be expected after an augmentation of dia- 
stolic pressure when, in the control state at low 
diastolic pressure, maximal dP/dt falls into the 
early part of the ejection phase.?? If the same after- 
load dependency applies to the human left ventri- 
cle, one would expect that the significant increase 
of maximal dP/dt observed during handgrip was 
partially due to the enhancement of diastolic aortic 
pressure. This would be especially true in group 
2 in which in 3 patients at rest maximal dP/dt oc- 
curred after aortic valve opening and in 2 patients 
it occurred 3 and 4 msec before aortic valve open- 
ing. The same mechanism must also be invoked in 
3 of 11 cases in group 1; maximal dP/dt at rest 
occurred in 2 instances at the time of aortic valve 
opening and in 1 instance 4 msec before this time. 

With respect to the preload dependency of maxi- 
mal dP/dt the following considerations may be 
made: If one accepts that the extent of increase in 
left ventricular end-diastolic pressure that oc- 
curred during handgrip represents most likely an 
increase in preload, one may suspect that the con- 
tribution of preload to the enhancement of maxi- 
mal dP/dt was probably greater in group 2 than 
in group 1. It is recognized, however, that the real 
determinants of preload are end-diastolic fiber 
length or end-diastolic stress. Since left ventricu- 
lar end-diastolic volume was not measured in this 
study we do not know if these indexes actually in- 
creased more in group 2 than in group 1. 


Handgrip: e——e Group 1 
O—© Group 2 





LVEDP (mmHg) 


Figure 5. Changes of the maximal quotient (dP/dt)/P and 
of the left ventricular end-diastolic pressure (LVEDP) curing 
handgrip in the individual patients. There is a clearly differ- 
ent response to handgrip in the 2 groups. Whereas in group 
1 all but 1 patient elicited an increase of maximal (dP/dt)/P 
with no change or a small increase of left ventricular end- 
diastolic pressure, maximel (dP/dt)/P in group 2 showed a 
variable response with some tendency to decrease that was 
associated with a sizable increase of left ventricular end- 
diastolic pressure in most cases. 


When all the arguments about the possible influ- 
ences of afterload and preload changes on maxi- 
mal dP/dt during handgrip are summarized it can 
be said that the effects of the physical factors were 
probably less important in group 1 than in group 
9 Since the increase of maximal dP/dt in group 1 
was greater than in group 2 it appears reasonable 
to conclude that at least in group 1 an augmenta- 
tion of contractility took place during isometric 
exercise, whereas in group 2 the variations of the 
physical determinants of maximal dP/dt may have 
been sufficient to explain its observed increase. 

These conclusions are further supported by the 
changes of maximal (dP/dt)/P. Since maximal 
(dP/dt)/P occurs early in the isovolumic portion 
of left ventricular systole it is not likely that dia- 
stolic aortic pressure per se influences its magni- 
tude. On the other hand it has been shown in ani- 
mals!?435 and in man?! that maximal (dP/dt)/P 
depends on preload, that is, an increase in preload 
leads to a fall of maximal (dP/dt)/P. Since in 
group 1 the small increase in left ventricular end- 
diastolic pressure was associated with a signifi- 
cant increase of maximal (dP/dt) /P an augmenta- 
tion of left ventricular contractility must be postu- 
lated. In group 2 maximal (dP/dt)/P tended to 
decrease during isometric exercise. This reaction 
is compatible with the view that no major change 
in contractility occurred during handgrip in group 
vd 

Additional insight into the behavior of contrac- 
tility during handgrip was obtained from the time 
intervals from the onset of contraction to the point 
of maximal dP/dt and maximal (dP/dt)/P, re- 
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spectively. In contrast to maximal dP/dt and 
maximal (dP/dt) /P these time intervals are prac- 
tically uninfluenced by variations in preload.!?.92,5* 
In group 1 the time intervals shortened signifi- 
cantly during handgrip. This indicates that an in- 
crease of left ventricular contractility occurred. 
On the other hand, there was no change in the 
duration of the time intervals in group 2. This find- 
ing supports the aforementioned contention that 
left ventricular contractile state did not change. 

Mechanisms of augmentation of myocardial con- 
tractility: The mechanisms by which myocardial 
contractility is augmented in patients with a nor- 
mal or minimally loaded left heart chamber dur- 
ing handgrip are not clearly understood. It is most 
likely that with the prevalent increase in cardiac 
chronotropism there was an associated increase in 
sympathetic outflow to the myocardium. Both 
mechanisms are additive with respect to the ob- 
served enhancement of the inotropic state. It may 
be that the patients who had a diseased left ven- 
tricle did not increase their inotropic state dur- 
ing handgrip because the diseased myocardium is 
less responsive to sympathetic stimulation than 
the normal one.?? Then, the Frank-Starling mecha- 
nism has to be mobilized to overcome the acute 
pressure burden induced by handgrip. 
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The incidence of cardiac arrhythmias observed during maximal tread- 
mill exercise testing was studied in 650 men aged 25 to 54 years. In 
561 there was no Clinical evidence of cardiovascular disease; 89 were 
classified as having definite or suspected cardiovascular disease. The 
patients were divided into 3 age groups—25 to 34, 35 to 44 and 45 
to 54 years—to define any age-related differences in the incidence of 
arrhythmias during exercise. Single or consecutive ventricular pre- 
mature complexes were observed in 31 percent of the 25 to 34 year 
olds, 38 percent of the 35 to 44 year olds and 49 percent ef the 45 to 
54 year olds; the incidence of supraventricular premature complexes 
was 7, 10 and 14 percent, respectively. The incidence of both ven- 
tricular and supraventricular complexes increased with age. For any 
given age group the incidence of ventricular premature complexes 
was greater in patients with definite or suspected cardiovascular dis- 
ease. These patients were more prone to demonstrate frequent ven- 
tricular premature complexes and had a higher incidence of multifo- 
cal ventricular premature beats and ventricular tachycardia. The ven- 
tricular premature complexes were also more likely to appear at lower 
heart rates during exercise in patients with cardiovascular disease. 
However, the appearance of unifocal ventricular premature complexes 
during maximal or near maximal exercise testing should not be 
equated with the presence of clinically significant cardiac disease. 


Ventricular premature complexes appearing in an otherwise nor- 
mal resting electrocardiogram have been said to be associated 
with an increased incidence of future coronary heart disease.'^ 
Similarly, the appearance of ventricular premature complexes 
during usual work activities has been associated with an increased 
incidence of subsequent coronary heart disease.* Reports on the 
significance of ventricular premature complexes in response to 
submaximal exercise testing have been conflicting.*° The fre- 
quency and clinical significance of arrhythmias occurring in re- 
sponse to near maximal or maximal exercise has received little 
attention even though electrocardiographic testing under these 
conditions has become increasingly widespread.** The present 
study deals with the incidence and types of arrhythmias noted 
during maximal treadmill exercise testing in 650 men, all active 
members of the Indiana State Police Force. 


Methods and Materials 


Six hundred fifty male members of the Indiana State Police Force 
between 25 and 54 years of age underwent graded maximal treadmill 
exercise testing as part of a periodic physical evaluation program cur- 
rently being conducted at the Indiana University Medical Center. Be- 
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TABLE | 
Staging Program For Graded Treadmill Exercise Testing 








Speed 
Stage Time (min.) (miles/hour) Grade (%) 

| 3 2.0 3 

I 3 3.3 6 
Il 3 3.3 9 
IV 3 3:3 12 
V 3 2.2 15 
VI 3 8.3 18 
VII 3 3.3 21 





fore the exercise test each man gave a complete history 
and underwent a thorough physical examination. Rou- 
tine laboratory studies included a complete blood count 
and urinalysis, determination of fasting blood sugar, 
blood urea nitrogen and uric acid and a serum lipid 
profile comprising triglyceride and cholesterol levels 
and a lipoprotein electrophoresis. A resting electro- 
cardiogram and a posteroanterior and lateral roent- 
genogram of the chest were obtained for each man. 

Our techniques for electrode application? and our 
staging program for graded exercise have been de- 
signed to obtain optimal noise reduction, thus permit- 
ting us to identify and interpret arrhythmias occurring 
during maximal exercise testing. Silver-silver chloride 
electrodes are placed in a modified bipolar V, position. 
The right-sided electrode is placed routinely in the RV, 
position, whereas the left-sided electrode is placed in 
the position that yields a QRS complex with a large R 
and small S wave. For any given patient this may range 
from the V, to V, position and either the fifth or sixth 


TABLE Il 


Incidence of Arrhythmias Observed During Maximal 
Treadmill Exercise Studies 








Arrhythmia 
Patients i Occurrence 
Age Group Studied During Rest During Exercise 
(yr) (no.) Type and Exercise Only 
aum c Loon robs C PCR CE IRL PLUR 
25-34 282 VPC 90 (32%) 81 (30%) 
SPC 15 ( 6%) 15 ( 695) 
Both 3 ( 1%) 3 ( 1%) 
35-44 283 VPC 108 (3895) 92 (33%) 
SPC 14 ( 5%) 14 ( 595) 
Both 15 ( 5%) 15 ( 5%)* 
45-54 85 VPC 40 (47%) 36 (42%) 
SPC 6(7%) 6 ( 7%) 
Both 6 ( 7%) 6 ( 7%)t 
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* All supraventricular premature complexes during exercise 
only; 1 with ventricular premature complexes at rest and during 
exercise. 

+All with supraventricular premature complexes during 
exercise only; 2 with ventricular premature complexes at rest 
only; 2 with ventricular premature complexes at rest and during 
exercise. 

SPC = supraventricular premature complex; VPC = ventric- 
ular premature complexes. 


interspace. The desired placement of the left-sided elec- 
trode can be predetermined in the majority of patients 
by reviewing the 12 lead resting electrocardiogram. An 
indifferent or ground electrode is placed over the manu- 
brium sternum. Our staging program for graded ex- 
ercise is shown in Table I. The work load is increased 
by increments every 3 minutes until self-determined 
symptoms of exhaustion are indicated by the patient. 
The monitoring physician will terminate the test if the 
patient shows decreasing blood pressure, increasing 
pallor or a faltering of gait or if 3 or more consecutive 
ventricular premature complexes are observed. 

The electrocardiogram is monitored continuously 
with an oscilloscope, and direct write-outs are recorded 
at selected intervals or whenever the monitoring physi- 
cian observes an arrhythmia. The electrocardiographic 
signal is also recorded continuously on a magnetic tape 
along with an electronically generated time code. If a 
transient arrhythmia is observed during any period of 
the exercise test the data for that period are located by 
means of the time code, and a direct write-out is cb- 
tained. The data are again reviewed for arrhythmias 
after the exercise test during analog to digital conver- 
sion of the electrocardiographie signal in preparation 
for computer quantitation of the S-T segment response 
to exercise. !° 

Every recorded arrhythmia was studied to determine 
ventricular or supraventricular origin. The QRS con- 
figuration was used as the primary determinant of the 
origin of the arrhythmia, but the recordings were also 
studied for premature P wave activity and the pres- 
ence of full compensatory pauses, with the possibility 
of aberrant intraventricular conduction of supraven- 
tricular impulses always in mind. Two consecutive pre- 
mature beats were designated paired prematures; 3 or 
more consecutive prematures were considered tachy- 
cardia, either supraventricular or ventricular. Ven- 
tricular premature complexes were considered to be 
multifocal if 2 distinctly different premature QRS 
complexes with different coupling intervals appeared in 
the same stage of exercise at essentially the same heart 
rate. The stage of exercise during which an arrhyth- 
mia occurred was recorded as was the heart rate at- 
tained at that time. The frequency per minute of the 
premature complexes was also quantitated. If the fre- 
quency was 6 or less per minute the premature beats 
were considered “occasional”; if more than 6 were re- 
corded per minute they were classified as “frequent.” 

The 650 subjects were divided into 3 age groups, 25 
to 34, 35 to 44 and 45 to 54 years, to determine if there 
was an age-related difference in the incidence of ar- 
rhythmia during maximal exercise testing. The clinical 
and laberatory data for each subject were reviewed for 
evidence of cardiovascular disease. A diagnosis of ar- 
teriosclerotic heart disease was made if the patient gave 
a history typical for angina pectoris or if a previous 
myocardial infarction had been documented clinically. 
A diagnosis of hypertension was made if the patient 
demonstrated persistent systolic blood pressures greater 
than 160 mm Hg or diastolic blood pressures greater 
than 96 mm Hg during the medical evaluation. The sub- 
jects in each age group with definite or suspected car- 
diovascular disease were compared with those with no 
clinieal evidence of cardiovascular disease for differ- 
ences in the incidence of arrhythmias. 


Results 


The number of subjects studied and the inci- 
dence of arrhythmias occurring during maximal 
exercise studies for each of the 3 age groups are 
shown in Table II. The incidence of both ventricu- 
lar and supraventricular arrhythmias during ex- 
ercise ranged from 37 percent in the 25 to 34 year 
age group to 56 percent in the 45 to 54 year age 
group. Ventricular premature complexes predomi- 
nated in each age group with an incidence of 31 
percent in the 25 to 34 year olds, 38 percent in the 
35 to 44 year olds and 49 percent in the 45 to 54 
year olds. The incidence of ventricular premature 
complexes increased significantly with increasing 
age (P <0.005). A small number of patients in 
each age group were observed to have ventricular 
premature complexes at rest. The incidence was 2 
percent in the 25 to 34 year, 5 percent in the 35 to 
44 year and 10 percent in the 45 to 54 year age 
groups (Table II). Of the 34 subjects observed to 
have ventricular premature complexes on the rest- 
ing electrocardiogram, (including those with both 
ventricular and supraventricular prematures) 21 
(62 percent) continued to demonstrate ventricular 
prematures after the first stage of treadmill exer- 
cise. In 11 patients they were never totally sup- 
pressed with exercise; in 10 they were initially 
suppressed but then reappeared at near maximal 
or maximal exercise levels. The numbers of pa- 
tients with ventricular premature complexes at 
rest in each age group were too small to make a 
valid comparison between normal subjects and 
those with suspected cardiovascular disease. 

Supraventricular premature complexes were 
noted in 7 percent of the 25 to 34 year, 10 percent 
of the 35 to 44 year and 14 percent of the 45 to 54 
year age groups (Table II). Although the incidence 
of supraventricular premature complexes appeared 
to increase with age, the differences between age 
groups were not statistically significant (P <0.05). 
None of the 650 subjects had supraventricular pre- 
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ARRHYTHMIAS DURING TREADMILL EXERCISE 


TABLE Ill 


Cardiovascular Abnormalities Detected in 650 Men 
Undergoing Maximal Treadmill Exercise Testing 


a M M MM nn 


Age Group (no. of Patients) 
Cardiovascular Abnormality 25-34(16) 35-44 (46) 45-54 (27) 


lM 


Resting ECG abnormality 9 16 3 
NSST-T wave changes (5) (8) (2) 
ALAD (—30° or more) (3) (7) (1) 
IVCD (QRS of 0.11 sec or more) (1) (1) (0) 

Positive exercise ECG* 2 8 9 

Hypertension 4 8t 8t 

Heart disease 
Arteriosclerotic 1 8 5 
Valvular 0 6 2 


E ttt 


* Horizontal S-T segment depression of 1 mm or more dur- 
ing or after exercise. 

t Includes 1 subject with clinical hypertensive heart disease. 

ALAD = abnormal left axis deviation; IVCD = intraventricular 
conduction defect; NSST-T wave changes — nonspecific S-T or 
T wave changes, or both. 


mature complexes on the resting electrocardio- 
gram. 

Comparison of normal subjects and those with 
cardiovascular disease: Medical evaluation re- 
vealed definite or suspected cardiovascular disease 
in 89 of the 650 subjects (Table III). The incidence 
for each age group was 5 percent in the 25 to 34 
year, 13 percent in the 35 to 44 year and 21 percent 
in the 45 to 54 year age groups. The incidence of 
ventricular premature complexes appearing during 
exercise in the normal subjects and the patients 
with definite or suspected cardiovascular disease is 
shown in Table IV, column 3. In each age group 
there was a greater incidence of ventricular pre- 
mature complexes during exercise in the patients 
with evidence of cardiovascular disease as com- 
pared with the normal subjects; however, this in- 
creased incidence was statistically significant only 
in the 35 to 44 year age group (P « 0.025). The in- . 


Incidence of Ventricular Arrythmias Observed During Maximal Treadmill Exercise Testing 





Frequency of VPC 





Age Group Patients . Paired Multifocal Ventricular 
(yr) Studied (no.) All VPC Occasional Frequent VPC VPC Tachycardia 
25-34 
N 266 77 (29%) 55 (70%) 22 (30%) 6 (2.2%) 3 (1.196) 1 (0.4%) 
CVD 16 7 (44%) 3 (43%) 4 (57%) 0 0 0 
35-44 
N 237 81 (34%) 55 (68%) 26 (32%) 11 (5.0%) 8 (3.4%) 4 (1.7%) 
CVD 46 25 (54%) 13 (52%) 12 (48%) 6 (13.0%) 3 (6.5%) 2 (4.4%) 
45-54 
N 58 25 (43%) 12 (48%) 13 (52%) 3 (5.0%) 1 (1.8%) 1 (1.8%) 
CVD 27 13 (48%) 4 (3196) 9 (6996) 3 (11.090) 3 (11.096) 3 (11.096) 


CVD — patients with definite or suspected cardiovascular disease; N 


— normal subjects; VPC — ventricular premature complexes. 
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TABLE V 


Incidence of Supraventricular Arrythmias Observed 
During Maximal Treadmill Exercise Testing 
ae aR. Do ier coU Todos tide s it etus 


Patients 
Age Group Studied Supraventricular Supraventricular 
(vr) (no.) Premature Complexes Tachycardia 
REE ee) GT ASS BT SRP Ne ote! LIS Re EN 
25-34 
N 266 17 (6.0%) 2 (0.8%) 
CVD 16 1 (6.0%) 0 
35-44 
N 237 26 (11.0%) 0 
CVD 46 3 (6.5%) 1 (2.2%) 
45-54 
N 58 8 (14.0%) 1 (1.8%) 
CVD 27 4 (15.0%) 0 


SEE Ee ae UE eui. i el 
Abbreviations as in Table IV. 


cidence of supraventricular complexes in men with 
and without cardiovascular disease is shown in 
Table V. There was no significant increase in the 
incidence of supraventricular premature com- 
plexes in the patients with cardiovascular disease 
as compared to the normal men. Paroxysmal su- 
praventrieular tachycardia was observed only 
rarely in each age group. 

The frequency of all ventricular premature com- 
plexes observed in the subjects with and without 
evidence of cardiovascular disease is listed in Table 
IV, columns 4 and 5. The incidence of frequent 
ventricular premature complexes in the normal 
subjects was 30 percent in the 25 to 34 year, 32 
percent in the 35 to 44 year and 52 percent in the 
45 to 54 year age groups. The incidence of frequent 
ventricular premature complexes in the patients 
with cardiovascular disease was greater than that 
in the normal subjects in each age group. 

The incidence of ventricular arrhythmias other 
than isolated, unifocal premature complexes is 
listed for each age group in Table IV, columns 6 to 
8. A small number of normal patients in each age 
group demonstrated paired or multifocal ventricu- 
lar premature complexes or ventricular tachycar- 


TABLE VI 


Heart Rate at Time of Appearance of Ventricular 
Premature Complexes During Exercise Testing 
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Heart Rate 
Age Group ae Sea gs 
(Yr) « 150/Min 2 150/Min 
rer oa ai Ls eee eee Cc ew En o V n T MC eee DR 

25-39 

N 28 (24%) 88 (76%) 

CVD 15 (70%) 7 (30%) 
40-54 

N 17 (25%) 50 (75%) 

CVD 14 (60%) 9 (40%) 


nat rents resin Atl a a Soe T deus 


Abbreviations as in Table IV. 


dia. The incidence of each type of arrhythmia was 
greater in the patients with definite or suspected 
cardiovascular disease except in the 25 to 34 vear 
olds of whom only a small number had evidence of 
cardiovascular disease. 

In the men without evidence of cardiovascular 
disease the heart rate at the time of appearance of 
ventricular arrhythmias was 150 beats/min or 
more in 76 percent of the cases (Table VI). This 
finding held true regardless of the patient’s age. In 
the patients with cardiovascular disease, ventricu- 
lar premature complexes were much more likely to 
appear at heart rates below 150 beats/min (Table 
VI). This difference in exercise heart rates at the 
time of appearance of ventricular premature com- 
plexes in normal men and patients with cardiovas- 
cular disease was highly significant (P <0.001). 
Supraventricular prematures occurred at heart 
rates over 150 beats/min in more than 90 percent 
of the patients in whom they were observed re- 
gardless of the clinical diagnosis. 

Discussion 

The present study demonstrates that arrhyth- 
mias, usually transient and in the form of unifoeal 
ventricular or supraventricular premature com- 
plexes, are quite common during strenuous exercise 
testing in men without clinical evidence of heart 
disease, The arrhythmias are usually observed at 
a heart rate of 150 beats/min or greater, and they 
occur most commonly during the last minute of 
maximal exercise or during the first 30 seconds of 
recovery (Fig. 1 and 2). Conversely, in patients 
with clinical evidence of cardiovascular disease, 
ventricular premature complexes are more likely 
to appear at exercise heart rates below 150 beats/ 
min (Table VI). Patients with evidence of cardio- 
vascular disease are more prone to demonstrate 
frequent or multifocal ventricular premature com- 
plexes or ventricular tachycardia (Table IV), but 
identical arrhythmias were observed in patients 
without cardiovascular disease in all age groups 
studied (Fig. 1 and 2). The incidence of ventricular 
premature complexes increased with age in the 
normal patients and those with clinical evidence cf 
cardiovascular disease (Table IV). For any given 
age group, the incidence of ventricular premature 
complexes was greater in the patients with evi- 
dence of cardiovascular disease. The incidence of 
supraventricular premature complexes also in- 
creased with age but did not appear to be greater 
in patients with cardiovascular disease (Table V). 

Differentiation between premature complexes of 
ventricular and supraventricular origin can be 
diffieult during the rapid heart rates of maximal 
or near maximal exercise. We were rarely able to 
identify premature P waves preceding the prema- 
ture QRS complexes with a normal or supraven- 
tricular configuration. Furthermore, the majority 
of premature complexes with a normal QRS con- 
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ARRHYTHMIAS DURING TREADMILL EXERCISE 


Figure 1. Patient 1437. The electrocardiographic recording 
to the left demonstrates an isolated premature QRS complex 
with a supraventricular configuration. There is no identifiable 
P wave preceding the premature QRS complex, and it is en- 
compassed by a full compensatory pause suggesting that the 
ectopic impulse arose within the atrioventricular node or the 
bundle of His. The recording to the right demonstrates 3 
consecutive supraventricular premature QRS complexes. The 
last of these complexes is conducted aberrantly when the 
R-R interval exceeds a rate of 300 beats/min. An alterna- 
tive explanation is that the last premature QRS complex rep- 
resents a ventricular premature complex. 


Patient 1230. Frequent unifocal ventricular premature com- 
plexes observed during maximal exercise in a 33 year old 
man with no clinical evidence of heart disease. 


Patient 1151. The electrocardiographic recording to the left 
demonstrates an isolated premature QRS complex with a 
supraventricular configuration. The premature complex is not 
preceded by an identifiable P wave and it is encompassed by 
a complete compensatory pause suggesting that the ectopic 
impulse arose within the atrioventricular node or the bundle 
of His. The recording to the right demonstrates another pre- 
mature QRS complex recorded during the same stage of 
exercise. This complex has a left bundle branch block type 
QRS configuration suggesting that it is ventricular in origin 
but it is not encompassed by a full compensatory cause. This 
premature complex may be the result of an ectopic supra- 
ventricular impulse conducted aberrantly within the ventricles 
due to the short coupling interval to the preceding normal 
sinus QRS complex. 


Patient 1369. Frequent premature QRS complexes of supra- 
ventricular configuration occurring during the immediate re- 
covery period of a maximal exercise test. The coupling in- 
tervals of the premature complexes to the preceding normal 
sinus QRS complexes are variable but each premature com- 
plex is encompassed by a complete compensatory pause and 
there are no identifiable P waves preceding the premature 
beats. This places the origin of the ectopic impulses in or 
below the atrioventricular node. 


Patient 1125. Frequent ventricular premature QRS complexes 
recorded during submaximal exercise in a clinically normal 
36 year old man. There is a marked variability of the coupling 
intervals between the premature complexes and the pre- 
ceding normal sinus complexes and there are frequent fusion 
beats. This arrhythmia represents a ventricular parasystole 
with a parasystolic rate of 83 beats/min (interectopic interval 
of 0.72 second, third and fourth premature complexes, bot- 
tom recording). 


Figure 2. Patient 1113. Rapid ectopic tachycardias with 
aberrant QRS complexes occurring in the immediate post- 
exercise period in a clinically normal 36 year old man. The 
first group of consecutive premature QRS complexes (top 
recording) is initiated by a slightly aberrant premature com- 
plex designated X-2. The following 2 QRS complexes then 
demonstrate a progressively greater degree of aberrancy. 
An isolated premature QRS complex (X-1) is also present in 
the top recording; it is identical to X-2 and is not encom- 
passed by a full compensatory pause. These findings sup- 
port a supraventricular (atrial) origin for these arrhythmias. 
The first group of rapid aberrant QRS complexes terminates 
spontaneously and is followed after a short pause by a QRS 
complex designated X-3 which is quite similar to X-1 and 
X-2. This complex is then followed by a series of rapid 
aberrant premature QRS complexes with a polarity opposite 
that of the first series of rapid ectopic beats. Both runs of 
rapid tachycardia are slightly irregular, but the rates per 
minute are nearly comparable. The second longer series of 
consecutive ectopic complexes may be of ventricular origin, 
but aberrancy of supraventricular impulses due to a differ- 
ent intraventricular conduction defect cannot be ruled out. 
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figuration were found to be associated with a com- 

plete compensatory pause suggesting an origin in 

or below the atrioventricular node (Fig. 1). This 
-~ finding leaves open the possibility that some of the 
E premature contractions which we classified as ven- 
_ tricular in origin because of their aberrant config- 
uration may have been supraventricular complexes 
with aberrant intraventricular conduction (Fig. 1 
and 2). 

Clinical implications: The clinical significance 
of ventricular premature complexes occurring in 
response to strenuous exercise testing remains to 
. be determined. The incidence of multifocal ven- 
= tricular premature complexes and ventricular 

tachycardia was quite low in the normal men in 
each age group studied, and the appearance of 
these arrhythmias during exercise testing should 
be viewed as suspect of underlying cardiac disease. 
However, the diagnosis of multifocal ventricular 
premature complexes should be made with caution 
= during graded exercise testing. The usual criteria 
. of different QRS configurations with different cou- 
pling intervals to the preceding normal sinus QRS 
are not valid during the stepwise increments in 
heart rate of graded exercise. The coupling inter- 
val of unifocal ventricular premature complexes 
tends to decrease as the exercise heart rate in- 
creases, and a gradual change in the QRS config- 
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uration with each increment in heart rate is com- 
monly observed. The configuration of unifocal ven- 
trieular premature complexes during maximal or 
near maximal exercise may be grossly different 
from that of premature complexes from the same 
focus during the early stages of exercise at rela- 
tively slow heart rates. For these reasons we make 
the diagnosis of multifocal ventricular premature 
complexes only when there is a distinct change in 
the configuration of the premature complexes at a 
time when the heart rate is nearly constant. Our 
projected long term follow-up of these patients 
through periodic medical evaluations and maximal 
exercise testing will determine the prognostic sig- 
nifieance of the arrhythmias observed during 
strenuous exercise testing. The fact that the uni- 
focal ventricular premature complexes are much 
more common at heart rates above 150 beats/min 
can be interpreted as indicative of subclinical car- 
diac disease which is “unmasked” by strenuous ex- 
ercise testing. However, we believe that changes in 
the electrophysiologic properties of conduction 
favoring reentry or an increase in sympathetic 
tone favoring an increase in automaticity are more 
reasonable explanations for the frequent ventricu- 
lar premature complexes observed during maximal 
exercise testing and, thus, these premature beats 
do not necessarily indicate a pathologic state. 
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The vectorcardiographic characteristics of transient left intraventric- 
ular hemiblocks seen during selective coronary arteriography were 
studied in 26 patients. QRS duration was slightly but significantly 
increased. In left anterior hemiblock the frontal plane QRS loop ro- 
tated leftward and typically became largely open in this plane, en- 
circling a wide area with a counterclockwise inscription of the QRS 
loop, and the maximal and terminal QRS vectors rotated leftward 
and were posteriorly directed. In left posterior hemiblock the frontal 
plane QRS loop rotated rightward and typically became largely open in 
this plane, encircling a wide area with a clockwise inscription of the 
QRS loop; the maximal QRS vector rotated rightward and was 
anteriorly deviated, whereas the terminal QRS vector rotated toward 
the right posteroinferior quadrant. In both cases, the initial QRS 
vector was not significantly modified. The changes observed in cases 
with a control QRS axis ranging from —10 to —90° suggest that 
these tracings usually correspond to incomplete forms of left anterior 
hemiblock; the orientation of terminal QRS vectors toward the right 
posterosuperior quadrant in cases of left anterior hemiblock cor- 
responds to the addition of delayed activation of the posterior wall 
of the left ventricle. The changes observed in cases of ‘‘periinfarction 
block" suggest that these tracings result from the association of 
initial QRS anomalies typical of myocardial infarction with abnor- 
mally directed terminal vectors of a type characteristic of left anterior 
or posterior hemiblock. QRS axis deviation observed in cases of right 
or left bundle branch block may result from an associated left an- 
terior or posterior hemiblock. 


QRS modifications induced in man by selective coronary arteriog- 
raphy can be considered transient left anterior or posterior hemi- 
block.'-* Although the resulting QRS changes in standard leads I, 
II and III have been analyzed,'-* there are few publications con- 
cerning modifications of the precordials leads?* and of the frontal 
and horizontal vectorcardiograms.' The aim of this work was to 
study the QRS loop changes observed during selective coronary 
arteriography in order to assess the vectorcardiographic patterns 
of the left intraventricular hemiblocks thus obtained. 


Material and Methods 


Twenty-six consecutive patients referred for selective coronary ar- 
teriography were studied. During selective injection of contrast material 
(Vasurix 38, Laboratoire Guerbet, Saint-Ouen, France) into the coro- 
nary arteries, frontal and horizontal vectorcardiograms were succes- 
sively obtained. A modified Frank® lead system (1507A Vector Pro- 
grammer, Hewlett Packard) was utilized in which the horizontal plane 
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TABLE | 


Data (mean + SE) from Tracirigs Obtained Before and After Left Anterior and Left Posterior Hemiblocks Induced by 


Selective Coronary Arteriography 


Group | (13 Patients) 





Group II (6 Patients) 





Group It] (5 Patients) 





Control LAH LPH Control LAH LPH Control LAH LPH 

QRS duration — 7.9-- 1.3 8.94+1.3f 8.441.2+ 8.24- 0.3 940.8 86+0.6 7.8241 9641.9 8.6-+1.6* 
Frontal VCG 

CW E 1 10 iut aa 2 2 3 5 

CCW 3 7 "ed 5 5 3 2 2 

"gn 1 5 x? 1 e 1 1 iot ira 

AVi —156 + 55 —156+ 59  —167--50 4128+ 55 4102442 4100+ 43 —113--70 —123463 —113+ 67 

tVi 0.9 4- 0.4 12- 0.4 120.3 0740.4 0540.2 0.7404 1140.7 1.340.6§ 1.34 0.7 

ÁVm *40--14 +204 Mf +54+15§ 411418 411417  4H49-- 32* 457417 45247 465418 

tVm $720.6 4140.7¢ 3.9405 3.5406 3.7--0.9 3.9406 3.940.9 4.641.1* 3.9408 

Avt (0— 360) —54--45 +148+ 46 — —93--33  —84--15* —135--24* 4165491  —702-83 4137-456 
Horizontal VCG 

CCW 13 13 8 6 5 5 5 5 5 

"gn is 2 1 +, ‘se 1 i. ics TF 

AVi F130 18 -F136-E 26 4138+ 28 = 467+ 65 452468 465461 4130490 4130488 +1274 85 

ÁVm +6418 46423 +415419*  —9225 -6428 43431 —34-28  —26423  —254 22 

VVm 17407  2.3:-0.92 1.7406 — 1.10.7 1640.78 L1-0.5 1640.7 2.140.7§ 14-0 

Avt —108:-36  —67-E27t —131--33* —101--31  —86--27 —108+56 —102--50  —80--54 —92 +43 

vt 0.8+ 0.6 12-0.7 0.940.3§ 0.8+0.5 1+0.8  0.82- 0.4 BY ne 


* P «0.05; t P «0.01; t P <0.001; § P <0.02. 

Â, t and V = orientation, timing (in hundredths of a second) 
and terminal (Vt) QRS vectors; CCW, CW and “8” 
left anterior hemiblock; LPH 


electrodes were placed in the sixth intercostal Space, in 
order to avoid projection of the radiopaque electrodes 
on the coronary cineangiograms. The QRS loop was 
continuously displayed on an oscilloscope (Sanborn 
780-6A Visoscope), and the loop that appeared to be 
most modified was photographed with a Polaroid 
camera. 

Orientation, configuration and rotation of QRS loop 
in the frontal and horizontal planes were studied in con- 
trol vectorcardiograms and in those obtained during 
selective coronary arteriography. The duration of the 
QRS loop and the timing, orientation and voltage of 
the initial, maximal and terminal QRS vectors were also 
measured in both conditions. Statistical analysis was 
performed in each group by the use of Student’s paired 
t test, taking into account for each patient the varia- 
tion from the control data. 

Patients were divided into 4 groups (Table I) ac- 
cording to findings in the control tracings. Group I in- 
cluded 13 patients, 9 male and 4 female, with normal 
ventricular depolarization. The patients ranged in age 
from 32 to 60 years; in 8, coronary cineangiograms re- 
vealed normal coronary arteries, in 4, isolated stenosis 
of a single coronary artery, and in 1, stenosis of several 
coronary arteries. Group II included 6 patients, 5 male 
and 1 female, with a frontal plane QRS axis between 
—10 and —90°. The patients ranged in age from 41 to 
63 years; in 2, coronary arteriograms revealed normal 
coronary arteries, and in 4, severe and diffuse coronary 
artery stenosis. Group III included 5 patients, 4 male 
and 1 female, with old myocardial infarction or right 
coronary artery occlusion with left to right coronary 
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and voltage (in mv), respectively, of the initial (Vi), maximal (Vm) 
— counterclockwise, clockwise and figure-of-eight inscription of ORS loop; LAH — 
= left posterior hemiblock; VCG = vectorcardiogram. 













artery anastomoses, or both. The patient 
age from 48 to 61 years; in all 5 coronary 
grams revealed severe and diffuse coro 
stenosis. Group IV comprised 2 men, 18/an 
old, with idiopathic cardiomyopathy. In 1, c 
trocardiograms showed intermittent co plet 
dle branch block, and in the other, a combine 
of right ventricular hypertrophy and incompl 
bundle branch block; in both men, coronary 
grams showed normal findings. 


Results 


GroupI (TableI): This group comprised 
tients with normal ventricular depolarizatio 
a frontal QRS axis ranging from +10 to +7 
the control electrocardiograms. 

Left coronary artery opacification (Table E 
1 to 3) increased QRS duration by 0.01 second (P 
« 0.001). The QRS loop deviated toward the left 
posterosuperior quadrant and became largely open 
in the frontal plane, usually encircling a wide area 
with an isolated or predominant counterclockwise 
inscription of the QRS loop. In the frontal plane, 
the initial QRS vector was not significantly modi- 
fied, this vector pointing in 7 cases toward the 
right superior quadrant (Fig. 1); the maximal 
QRS vector rotated toward the left superior quad- 
rant (P <0.001), and its timing was delayed (P 
« 0.01); the terminal vector deviated to the left 
and superiorly. In the horizontal plane, the initial 
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Figure 1. Left anterior hemiblock observed during selective 
left coronary arteriography. A, control tracing; B, left anterior 
hemiblock. F and H — frontal and horizontal vectorcardio- 
grams, respectively. Time intervals, 4 dots every 0.01 second. 
Note the absence of significant change of the initial Q 
vectors. 


QRS vector was not significantly modified; the 
maximal QRS vector rotated toward the left pos- 
terior quadrant (not significant), and its voltage 
increased significantly (P <0.001); the terminal 
QRS vector deviated to the left and posteriorly 
(P <0.01). 

Right coronary artery opacification (Table I, 
Fig. 3 and 4) resulted in an increased QRS dura- 
tion by 0.005 second (P <0.01). In the frontal 
plane the QRS loop deviated to the right and in- 
feriorly and became largely open in this plane, 
usually encircling a wide area with an isolated or 
predominant clockwise inscription of the QRS 
loop. In the horizontal plane the QRS loop inscrip- 
tion remained counterclockwise in all but 2 cases. 
In the latter the QRS loop showed a figure-of-eight 
pattern with clockwise rotation of the anteriorly 
directed terminal vectors (incomplete right bundle 
branch block pattern). In the frontal plane, the 
initial QRS vector was not significantly modified, 
and in 5 cases pointed toward the right inferior 
quadrant (Fig. 3) ; the maximal QRS vector devi- 
ated to the right (P <0.02), and the terminal vec- 
tor rotated toward the right inferior quadrant. In 
the horizontal plane, the initial QRS vector was not 
significantly modified ; the maximal QRS vector de- 
viated anteriorly (P <0.05), whereas the termi- 
nal vector rotated toward the right posterior quad- 
rant (P <0.05) and its voltage was significantly 
increased (P <0.02). 


Group II (Table I): In this group were 6 pa- 
tients with a frontal plane QRS axis of —10 to 
—90° on the control electrocardiogram. 


VOLUME 29, MARCH 1972 


1 
P 
C / A ` 
` E \ 
F XK. ` F. 
CN SN cA. CA. : 
1 NT h3 ^ ^ ^ b Y i r vu -—-— 
$ ^. "E (00 it t e" 
x3 ^ 3 .: 
3 s T Te 
| | | 
i | 
CS A E aM 
H A M ' `“ 4 `“ 
AE Le ~a ^ Q b 
oe -—-— 22-29 ig aei d 
~ 
A Bı B2 


Figure 2. Left anterior hemiblock observed during left 
coronary arteriography. A, control tracing; B1 and B2, 2 suc- 
cessive stages of left anterior hemiblock. 
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Figure 3. Left anterior and posterior hemiblocks obtained 
during selective coronary arteriography. A, control tracing; B, 
left anterior hemiblock; C, left posterior hemiblock. Note the 
absence of significant change of the initial Q vectors. 
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Figure 4. Left posterior hemiblock obtained during right 
coronary arteriography. A, control tracing; B, left posterior 
hemiblock. 
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Figure 5. Left intraventricular hemiblocks observed in a 
case with a control QRS axis pointing to —25° (A). B, QRS 
loop changes observed during left coronary arteriography. C, 
QRS loop changés observed during right coronary arteriogra- 
phy. 


Left coronary arteriography (Table I, Fig. 5) 
resulted only in significant deviation of the termi- 
nal QRS vectors toward the left superior quadrant 
(P <0.05) and in increased voltage of the maxi- 
mal horizontal QRS vectors (P « 0.02). 

Right coronary arteriography (Table I, Fig. 5) 
resulted in clockwise inscription of the frontal 
QRS loop in 2 cases. In the horizontal plane, the 
QRS loop inscription remained counterclockwise 
in all but 1 case, in which it showed a figure-of- 
eight pattern with clockwise rotation of the an- 
teriorly deviated terminal vectors (incomplete 
right bundle branch block pattern). In the frontal 
plane the maximal QRS vector deviated to the 
right (P <0.05), whereas the terminal vector ro- 
tated toward the right superior quadrant (P 
<0.05). 
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Group III (Table I): This group comprised 5 
patients with an old myocardial infarction or left 
to right coronary artery anastomoses, or both; the 
coronary arteriograms revealed severe and diffuse 
coronary artery stenoses in all cases. 

Left coronary artery opacification (Table I) re- 
sulted in an insignificant increase of the QRS 
duration. The frontal plane QRS loop deviated 
slightly toward the right and became largely open 
with an isolated clockwise rotation in the 3 pa- 
tients with left to right coronary artery anasto- 
moses. In the other 2 patients, it deviated slightly 
toward the left and showed predominant counter- 
clockwise inscription. The rightward deviation and 
the clockwise inscription of the QRS loop probably 
represent the late phase of the biphasic reaction 
which usually occurs in patients with left to right 
coronary artery anastomoses. The timing of the 
initial and maximal QRS vectors and the voltage 
of the maximal horizontal QRS vector were sig- 
nificantly increased. 

Right coronary artery opacification (Table I) re- 
sulted in a significant increase of the QRS dura- 
tion (P <0.05). The frontal QRS loop became in 
all cases largely open and was inscribed clockwise, 
whereas the initial, maximal and terminal QRS 
vectors were not significantly modified. 


Group IV: The 2 patients in this group had an 
electrocardiographic pattern of right or left bun- 
dle branch block. One of these patients had in- 
termittent complete left bundle branch block (Fig. 
6), which resulted in a shift of the QRS axis from 
+60 (normal conduction) to +5° (complete left 
bundle branch block). In this case left coronary ar- 
tery opacification (Fig. 6) was accompanied by an 
increase of the QRS duration from 0.13 to 0.15 
second; the frontal plane QRS loop deviated to the 


Figure 6. QRS loop changes in intermit- 

tent complete left bundle branch block 

(LBBB). A, control tracing before selective 

coronary arteriography. B and C, QRS 

loops obtained during selective left and 

right coronary artery opacification, re- 
C spectively. NC — normal conduction. 
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left and showed a figure-of-eight configuration; 
the QRS axis rotated from +5 to —20°. Right coro- 
nary artery opacification (Fig. 6 and 7) increased 
the P-R interval from 0.19 to 0.21 second and the 
QRS duration from 0.13 to 0.14 second ; the frontal 
plane QRS loop was deviated to the right, but the 
inseription remained counterclockwise; the QRS 
axis changed from 4-5 to -- 75^. 

The second patient had a pattern of combined 
right ventricular hypertrophy and incomplete 
right bundle branch block. Left coronary artery 
opacification (Fig. 8) resulted in mild superior de- 
viation of the frontal QRS loop figure-of-eight pat- 
tern and in mild leftward rotation of the maximal 
QRS vector, the terminal vectors pointing to 
2-180? in both the frontal and horizontal planes. 
Right coronary artery opacification (Fig. 8) re- 
sulted in rightward deviation of the frontal QRS 
loop, which became largely open in this plane, en- 
circling a wide area with a clockwise inscription of 
the QRS loop; the maximal QRS vector rotated 
rightward and increased in magnitude, and the 
terminal vector changed from +120 to +100°. 


Discussion 


The vectorcardiographic characteristics of left 
intraventricular hemiblocks were tentatively 
studied in patients who had either electrocardio- 
grams meeting the accepted criteria for the diag- 
nosis of left hemiblock?/? or aberrant QRS loops 
resulting from atrial pacing.! These methods do 
not make it possible to rule out the presence of 
combined intraventricular conduction disturbance, 
namely, incomplete left bundle branch block. 

Selective coronary arteriography provides an 
opportunity to study the vectorcardiographic 
changes related to left intraventricular hemiblocks 
under nearly experimental conditions.‘* This 
study showed that left anterior hemiblock, result- 
ing from selective opacification of the left coro- 
nary artery, was accompanied by a significant but 
slight increase of the QRS duration; the frontal 
QRS loop deviated to the left and became largely 
open in this plane, encircling a wide area with 
counterclockwise inscription; and the maximal 
and terminal QRS vectors rotated toward the left 
posterosuperior quadrant. Left posterior hemi- 
block, resulting from selective opacification of the 
right coronary artery, was accompanied by a sig- 
nificant but slight increase of the QRS duration; 
the frontal plane QRS loop deviated to the right 
and became largely open in this plane encircling a 
wide area with a clockwise inscription; the maxi- 
mal QRS vector deviated to the right and ante- 
riorly, whereas the terminal vector rotated toward 
the right posteroinferior quadrant. 

In both left anterior and posterior hemiblocks 
the initial QRS vector was not significantly modi- 
fied; thus, this vector was rightward and supe- 
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Figure 7. Orthogonal leads (X, Y and Z) in intermittent 
complete left bundle branch block (same case as in Figure 
6). A, control tracing. C1 and C2, 2 successive stages of com- 
bined left bundle branch block and left posterior hemiblock 
obtained during right coronary arteriography. Note the 
modification of the lead Y contour. Sweep speed — 50 mm/ 
sec. 


riorly directed in some cases of left anterior hemi- 
block (Fig. 1) and rightward and inferiorly di- 
rected in some cases of left posterior hemiblock 
(Fig. 3). This finding is in disagreement with 
the conclusions of Rosenbaum et al.? who spe- 
cifically described the initial '*qI-rII-rIIT" and “rl- 
qII-qIII" patterns as a characteristic diagnostic 
feature of left anterior and posterior hemiblocks, 
respectively. This discrepancy may be explained 
if one assumes that left intraventricular hemi- 
blocks observed during selective coronary arteri- 
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Figure 8. QRS loop changes in combined right ventricular 
hypertrophy and incomplete right bundle branch block. Dur- 
ing left coronary arteriography (B) the figure-of-eight pattern 
of the frontal QRS loop (F) showed slight superior deviation. 
During right coronary arteriography (C) the frontal QRS loop 
(F) deviated to the right and became largely open, encircling 
a wide area with a clockwise inscription corresponding to the 
association of left posterior hemiblock with incomplete right 
bundle branch block. A — control tracing. 
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ography are indeed parietal hemiblocks resulting 
from the direct action of the radiopaque substance 
on nonspecific myocardial fibers."? Incomplete 
right bundle branch block occurring in 2 patients 
during selective right coronary arteriography pro- 
vides further evidence for this possibility. This 
pattern probably resulted from the delayed activa- 
tion of the right ventricular myocardium, directly 
induced by the radiopaque substance. 

Similar but less important vectorcardiographic 
changes were observed during selective left and 
right coronary artery opacification in patients 
with a control QRS axis of —10 to —90°. This fact 
suggests that these initial tracings usually cor- 
respond to incomplete forms of left anterior hemi- 
block. Whereas selective left coronary arteriogra- 
phy deviated the maximal and terminal QRS vec- 
tors toward the left posterosuperior quadrant 
(Fig. 5), selective right coronary arteriography 
resulted in an anterior and rightward deviation of 
the maximal QRS vector. This vector then pointed 
toward the left anterior inferior quadrant, 
whereas the terminal vector rotated toward the 
right posterosuperior quadrant (Fig. 5). Thus, the 
QRS loop in these cases showed the type II pattern 
described by Testoni?; apparently these peculiar 
tracings correspond to the association of left an- 
terior hemiblock with delayed activation of the 
posterior wall of the left ventricle.? 

Relation to peri-infarction block: The vector- 
cardiographie changes observed in patients with 
an old myocardial infarction provide the opportu- 
nity to study the relation between left intraventric- 
ular hemiblocks and “peri-infarction block.'?.!* The 
- basic feature of this peculiar QRS deformity is, ac- 
cording to Grant, “the association of abnor- 
mally directed initial QRS forces of a type charac- 
teristic of antero-lateral or diaphragmatic myocar- 
dial infaretion with abnormally directed terminal 
QRS forces pointing in a direction opposite to ini- 
tial vectors." That the abnormal orientation of the 
terminal QRS vectors is due to a left anterior or 
posterior hemiblock is proved by selective coro- 
nary arteriography.'? Indeed, in these cases selec- 
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Figure 9. QRS loop modifications ob- 
served in a patient with initial QRS de- 
formity of anterolateral myocardial infarc- 
tion (initial QI-RIII pattern) and terminal 
3 QRS deformity of left posterior hemiblock 
(terminal SI-RIII pattern). In the control 
tracings (A) the mean initial and last 0.04 
PNE second QRS vectors are directed inferiorly 
: and to the right. Left coronary arteriogra- 
phy (B) resulted in widening of the angle 
formed by these 2 vectors, whereas right 
coronary arteriography (C) resulted in a 
rightward deviation of both vectors, which 
then pointed again in the same direction. 


C 


tive coronary arteriography resulted in little or no 
change of the mean first 0.04 second QRS vector, 
whereas the mean last 0.04 second QRS vector is 
modified according to the type of peri-infarction 
block. Therefore, in the case of diaphragmatic peri- 
infarction block, the mean last 0.04 second QRS 
vector remained unmodified during right coronary 
arteriography and rotated leftward during left 
coronary arteriography; thus, the characteristic 
wide opposition of the mean first and last 0.04 
second QRS vectors of diaphragmatic peri-infarc- 
tion block remained unmodified during left poste- 
rior hemiblock and disappeared during left ante- 
rior hemiblock. Similarly, in the case of antero- 
lateral peri-infarction block the orientation of the 
mean last 0.04 second QRS vector remained un- 
modified during left coronary arteriography, 
whereas this vector rotated rightward during 
right coronary arteriography ; thus, the character- 
istic wide opposition of the initial and terminal 
QRS vectors of anterolateral peri-infarction block 
remained unmodified during left anterior hemi- 
block and disappeared during left posterior hemi- 
block." 

A second aspect of the postmyocardial infarction 
QRS deformity which is well explained by selective 
coronary arteriography is illustrated in Figure 9. 
The abnormally directed initial vector is charac- 
teristic of anterolateral myocardial infarction, 
whereas the direction of the terminal vector is that 
of left posterior hemiblock.'* Indeed, this peculiar 
pattern remained unmodified during left posterior 
hemiblock induced by right coronary artery opaci- 
fieation and disappeared during the left anterior 
hemiblock induced by left coronary arteriography. 

Relation to axis deviation: Left and right QRS 
axis deviations observed in cases of left or right 
bundle branch block are now generally attributed 
to associated left anterior or posterior hemiblock.’” 
Indeed, in the case of complete left bundle branch 
block, selective left coronary arteriography, which 
usually induced left anterior hemiblock, resulted in 
a mild leftward QRS deviation, whereas selective 
right coronary arteriography, which usually in- 
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duced left posterior hemiblock, rotated the QRS 
loop to the right. These findings indicate that left 
intraventricular hemiblocks may result in a frontal 
QRS axis deviation in spite of the presence of com- 
plete left bundle branch block, although the in- 
scription of the horizontal QRS loop remained 
clockwise in both cases. The association of right 
bundle branch block with right or left axis devia- 
tion is now usually considered an expression of bi- 
lateral bundle branch block.!?15:? Selective coro- 


nary arteriography provides new evidence for this 
fact. This was shown in the case of right bundle 
branch block, in which left anterior hemiblock in- 
duced by left coronary artery opacification resulted 
in a mild superior deviation of the frontal QRS 
loop, whereas left posterior hemiblock induced by 
right coronary artery opacification resulted in 
rightward deviation of the frontal QRS loop. This 
loop became largely open in this plane encircling a 
wide area with a clockwise inscription. 
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The incidence of intraventricular conduction defects during sinus 
mechanism was 24 percent in 212 consecutive cases of acute myo- 
cardial infarction observed in a coronary care unit. Patients with 
intraventricular conduction defects had a higher mean age than that 
for the entire series (P —0.01), and death occurred at a younger 
age than in patients without such defects (P —0.1). The most com- 
mon isolated defect was left anterior hemiblock (incidence of 9.4 
percent). The next most common conduction defect was incomplete 
bilateral bundle branch block (incidence 7.5 percent); more than 
half of these patients had right bundle branch block with left an- 
terior hemiblock. Far less frequent were isolated complete right 
bundle branch block and complete left bundle branch block. Left 
posterior hemiblock was rare and was not seen in patients without 
other intraventricular conduction defects either transient or perma- 
nent. The hospital mortality rate of the entire series was 21.2 per- 
cent. The mortality rate among patients with intraventricular conduc- 
tion defects was 47 percent which is significantly different from that 
for the entire series (P —0.01) and from a series matched by sex 
and age (P —0.01). The most innocuous intraventricular conduction 
defect was left anterior hemiblock (in-hospital mortality rate 25 
percent). This was statistically not different from the mortality rate 
in the total series. Higher mortality rates were associated with other 
conduction defects which produced QRS prolongation and bifascicu- 
lar block. 


Electrocardiographic criteria for the diagnosis of intraventricu- 
lar conduction defects have been clarified in recent years by ex- 
perimental studies! and by correlation of pathologic and electro- 
cardiographic findings.'? As a consequence, data defining the in- 
cidence and prognosis of intraventricular conduction defects in 
acute myocardial infarction are accumulating rapidly.5?? How- 
ever, most studies provide information on selected conduction dis- 
turbances, and emphasis has frequently been on the development 
of complete atrioventricular (A-V) block.!?-* No large series has 
dealt with the incidence and comparative mortality rates of spe- 
cific intraventricular conduction defects in acute myocardial in- 
farction in the presence of sinus mechanism. Perhaps differences 
in mortality rate may best be judged in a single series in which 
patterns of management apply equally to patients with the several 
kinds of conduction disturbances. In this communication a spec- 
trum of intraventricular conduction defects in acute myocardial 
infarction is analyzed, with emphasis on the effect on in-hospital 
mortality rates. 
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Clinical Material and Criteria for Diagnosis 


A total of 208 patients with 212 consecutive attacks 
of acute transmural myocardial infarction were treated 
in a 10 bed coronary care unit! at Good Samaritan Hos- 
pital in Dayton, Ohio, in 1967 and 1968. In the great 
majority of patients admission to the hospital took 
place within the first 24 hours after onset of the acute 
episode. 

The diagnosis of myocardial infarction in this series 
was documented in each case by a suggestive history 
of chest pain correlated with the appearance of diag- 
nostic Q waves and appropriate elevation of enzyme 
levels. When left bundle branch block was present be- 
fore the acute episode, substantial increase of enzymes 
in serial blood samples or postmortem confirmation was 
requisite for inclusion of the case. Analysis of the in- 
traventricular conduction defects was made retrospec- 
tively from the study of 12 lead electrocardiograms and 
not from a single monitor lead. 

The diagnosis of classic left bundle branch block and 
right bundle branch block was based on the criteria pro- 
posed by the New York Heart Association.!9 The termi- 
nology and criteria for conduction defects in left ante- 
rior and posterior fascicle were taken from Rosenbaum 
et al? Left anterior hemiblock was defined electrocar- 
diographically as marked left and superior axis devia- 
tion of —45? or more, with Q1-S3 pattern, small R 
waves in lead II, III and aVF and a QRS duration 
of less than 0.12 second in the absence of inferior in- 
farction and Wolff-Parkinson-White syndrome. Left 
posterior hemiblock was recognized when right axis de- 
viation occurred of at least +110° with S1-Q3 pattern 
and QRS duration less than 0.12 second in the absence 
of lateral extension of the infarction and of any appar- 
ent cause of right ventricular hypertrophy or extremely 
vertical heart position. When right bundle branch block 
was associated with left anterior or posterior hemi- 
block, the QRS duration was at least 0.12 second. 

Diagnosis of incomplete bilateral bundle branch block 
was made in the presence of the following findings: 
right or left bundle branch block with a prolonged P-R 
interval (more than 0.20 second) not due to digitalis, or 
right bundle branch block with left anterior or left 
posterior hemiblock. Alternating right and left bundle 
branch block and left bundle branch block in the stan- 
dard limb leads with right bundle branch block in the 
precordial leads was not observed in this series. 

The mode of death was classified as sudden or due to 
progressive “pump” failure. The mechanism of sudden 
death was recognized as ventricular fibrillation in some 
patients. When no terminal electrocardiogram was 
available, the death was considered sudden only when 
it was unexpected in a patient with an otherwise sta- 
bilized condition. Death was attributed to progressive 
pump failure when the course showed progressive de- 
terioration marked by congestive or hypotensive mani- 
festations. 

Statistical analysis for age was performed by 1-way 
analysis of variance and for mortality by contingency 
test. 


Results 


The hospital mortality was 21.2 percent (Table 
I). This rate is within the range reported earlier 
from our institution!*!5 and other coronary care 
unitg.!9-?1 
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TABLE | 


Incidence and Hospital Mortality 





Mean 
Inci- Mean Age 
Deaths 
Total dence Age (yr) at 


no. (95 (yr (1SD) no % Death (1SD) 


All patients 212 100 60.5 (11.8) 46 21.2 65.1 (11.4) 
Patients with 

intraventricular 

conduction 

defects 51 24 65.4 (10.2) 24 47 66.8 (10.4) 


Patients without 
intraventricular 
conduction 
defects 161 


76 58.9 (11.7) 22 13.6 64 (10.2) 


Incidence and mortality: Intraventricular con- 
duction defects were found in almost 25 percent 
of the patients (Table I). This compares with 10 
to 13 percent of previous reports.??.?? The mean age 
of patients with intraventricular conduction de- 
fects was higher statistically than that of patients 
without such defects (P <0.01). The mortality in 
patients with intraventricular conduction defects 
was 3.5 times higher than in patients with normal 
intraventricular conduction (P <0.01). No differ- 
ence in mean age was found between patients who 
died with or without intraventricular conduction 
defects. To dissociate the effect of aging from that 
of intraventricular conduction defects on mortal- 
ity the 51 patients having intraventricular conduc- 
tion defects were matched by sex and age (within 
1 year) with 51 patients without intraventricular 
conduction defects (Table II). Under these condi- 
tions, the mortality in the presence of intraven- 
tricular conduction defects increased by a factor of 
2.5 (P <0.01). The mean age of the patients with 
intraventricular conduction defects who died was 
3 years less than that of those with normal conduc- 
tion (P <0.1). 


TABLE Il 


Comparative Mortality and Mean Age at Death in Relation to 
Intraventricular Conduction Defects (Patients Matched for 
Sex and Age). 


Mean 

Mean Deaths Age 

Total Age (yr) at 
no. (yr) (1SD) no % Death (1 SD) 





Patients with 
intraventricular 
conduction defects 

Patients without 
intraventricular 
conduction defects 


51 65.4 (10.2) 24 47 66.8 (10.4) 


51 65.4 (10.3) 10 19.6 69.7 (7.1) 


345 


we! 4 i 
Tilsit o BAD. 


ad cta Lm, 
aua di —— - A Rd. "X 


~~ 


ee ee oe ey 


dioc m S S 


` ""Y! 
< ae, 


NS e PU 


TABLE Ill 


Analysis of Intraventricular Conduction Defects 


Incidence 
no. (%) 

All defects 52* 24 
LAH 20 9.4 

Permanent 12 

Transient 5 

+ Transient RBBB} 3 
RBBB 7 3:3 

Permanent 5 

+ Transient complete 

A-V block 2l 

LBBB 8 3.7 

Permanent 5 

Transient 2 

Incomplete transient 1 
IBBBB 16 7.5 

RBBB + LAH 9 

RBBB + LPH 1 

RBBB + P-R > 0.20 sec 2 

LBBB + P-R > 0.20 sec 3 

RBBB + LPH + P-R > 0.20 sec 1 
LPH + transient ILBBB 1 0.5 


Deaths 
Progressive 
no. % Sudden Pump Failure 
24 47 9 15 
5 25 1 4 
5 hos 1 VF 2 CS, 2 CHF 
0 0 0 
0 nae 0 0 
3 42 1 2 
3 1 VF 2 CHF 
0 Ze 0 0 
5 63.5 3 2 
5 T 3 VF 1 CS, 1 CHF 
0 ae 0 0 
0 ba 0 0 
11 68.7 4? 7 
5 dee 2? 2 CS, 1 CHF 
1 0 1 CHF 
1 0 1 CHF 
3 1? 1 CS, 1 CHF 
1 »^ LT 0 
0 0 0 0 


* Includes findings of 1 patient listed twice (under incomplete transient LBBB and LPH + transient ILBBB); t also transient IBBBB; 


t 1 successful temporary transvenous pacemaker. 


CHF = congestive heart failure; CS = cardiogenic shock; IBBBB = incomplete bilateral bundle branch block; ILBBB = incomplete 
left bundle branch block; LAH = left anterior hemiblock; LBBB = left bundle branch block; LPH = left posterior hemiblock; ? = un- 
known; RBBB = right bundle branch block; VF = ventricular fibrillation. 


Table III shows the incidence and the mortality 
of different types of intraventricular conduction 
defects. Only the patient who had left posterior 
hemiblock with transient left anterior hemiblock 
and incomplete left bundle branch block was classi- 
fied in 2 different categories. 

Left anterior hemiblock: The incidence of left 
anterior hemiblock, including 3 cases with tran- 
sient right bundle branch block, was 9.4 percent. 
The mortality rate of 25 percent is somewhat 
above the overall mortality of the total series, but 
not different statistically. Seventeen of the 20 pa- 
tients with left anterior hemiblock had anterior 
myocardial infarction, and 6 of these had previous 
infarction. Inferior location occurred in 2 patients 
with a previous anterior infarction, and in 1 with- 
out previous infarction (Case 4, Table IV). Of 
these 20 patients with left anterior hemiblock, the 
pattern was present in 17 on admission, and in 3 
it evolved during the postinfarction phase. Of the 
17 patients with left anterior hemiblock on admis- 
sion, normal axis was restored during the period 
of observation in 3 patients, and in 3 others left 
axis deviation became much less prominent. Thus, 
it may be deduced that in this series of 212 myo- 
cardial infarctions, left anterior hemiblock oc- 
curred as an acute manifestation in only 9 cases 
(4.3 percent). 


346 


Right bundle branch block: Seven patients had 
isolated complete right bundle branch block (3.3 
percent). Among the first 5 patients with acute an- 
terior infarction 4 had this defect before the at- 
tack and 2 of them had a clinical diagnosis of pul- 
monary emphysema. Three of these patients died, 
and 2 underwent autopsy (Gases 5 and 6, Table 
IV). In the remaining 2 patients with right bundle 
branch block, transient complete A-V block devel- 
oped. In 1 it occurred after acute inferior infarc- 
tion. When nodal rhythm appeared the right bun- 
dle branch block pattern maintained the same con- 
tour as during sinus mechanism, which was re- 
stored within 24 hours. In the second case, a Mo- 
bitz type II phenomenon appeared during acute an- 
terior infarction and preceded ventricular stand- 
still. Temporary pacing was used successfully. 
Among these 7 patients with right bundle branch 
block all had a normal frontal plane QRS axis ex- 
cept 1 with pulmonary emphysema who had a QRS 
axis of 145°. 

Left bundle branch block: Five patients had 
isolated complete left bundle branch block which 
was permanent, and all 5 died. The pattern was 
present before admission in 3 and appeared after 
the infarction in 2. Four had a history of previous 
infarction. Autopsy was performed in 2 cases 
(Cases 7 and 8, Table IV). Transient complete left 
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bundle branch block was observed in 2 patients. 
Both had an acute anterior infarction with a his- 
tory of previous infarction, and both survived. 
Finally, 1 patient had incomplete left bundle 
branch block accompanied by a transient conduc- 
tion defect in both left fascicles (Fig. 1). A total of 
8 patients had left bundle branch block (3.7 per- 
cent). The QRS frontal axis ranged from +30 to 
—920? in all but the last patient who will be dis- 
cussed separately. 

Bilateral bundle branch block: Among 16 pa- 
tients with incomplete bilateral bundle branch 
block, 9 had right bundle branch block with left 
anterior hemiblock. Five of the 9 died (55 per- 
cent), 3 of progressive pump failure and 2 sud- 
denly after transfer from the coronary care unit. 
Location of the infarction was anterior in 5, un- 
determined in 1 and inferior in 3. Two of the 3 
latter patients had a history of previous infarc- 
tion, and the third had had a permanent pacemaker 
inserted 9 months earlier for multiple episodes of 


TABLE IV 


Adams-Stokes syndrome. Right bundle branch 
block with left anterior hemiblock was present 
during sinus capture at the time the pacemaker 
was inserted. This patient died of progressive 
pump failure (Case 10, Table IV). 

Only 2 cases of right bundle branch block with 
left posterior hemiblock were found. Both occurred 
during anterior infarction. One patient died of 
cardiogenic shock and asystole the day of admis- 
sion (Case 11, Table IV); the other, with pro- 
longation of the P-R interval, died suddenly after 
the coronary care unit stay. 

Prolonged P-R interval: An intraventricular 
conduction defect accompanied by P-R prolonga- 


tion was found in 6 patients. In the presence of an 


intraventricular conduction defect, P-R prolonga- 
tion may be attributed to impaired conduction be- 
low the A-V node. This assumption is supported in 
3 cases of left bundle branch block in which P-R 
prolongation appeared concomitantly with left 
bundle branch block. In the case of right bundle 


Postmortem Findings in 14 Patients with Intraventricular Conduction Defects 


Heart Muscle 
No macroscopic evidence of infarction 


Recent extensive anterior infarction 


Case Intraventricular Heart 
no. Conduction Defect Weight (g) Coronary Vessels 
1 LAH 440 Occlusion of LADA by recent thrombus 2 cm from 
origin 
2 LAH 450 Severe 3 vessel disease; occlusion of LADA by 
calcified plaque 
3 LAH ? 2-vessel disease; marked narrowing of LADA; 
occlusion of RCA 4 cm from origin 
4 LAH 410 3-vessel disease; almost complete occlusion of 
LCA; occlusion of LADA by fresh thrombus 
5 RBBB 700 3-vessel disease; occlusion of LADA and LCA 
6 RBBB 450  3-vessel disease; occlusion of LADA by thrombus 
2 cm from origin 
7 LBBB 340 23-vessel disease, more pronounced in LCA and 
LADA 
8 LBBB 430 3-vessel disease; double LADA, the right branch 
occluded at its origin and patent left branch; 
LCA poorly developed; RCA occluded by 
thrombus 1.5 cm from origin 
9 RBBB+ LAH 390 Occlusion of LADA by thrombus at origin 
10 RBBB + LAH 610 3-vesseldisease; severe narrowing of LADA and 
LCA; severe proximal narrowing of RCA 
11 RBBB + LPH 450  3-vessel disease; severe narrowing of LADA and 
RCA 
12 LBBB+P-R>0.20 550 3-vessel disease; occlusion of main left coronary 
sec artery by calcified atheroma; occlusion of distal 
RCA 
13 LBBB+P-R>0.20 500 3-vessel disease; peripheral occlusion in territory 
sec of the 3 vessels 
14 RBBB + LPH 500  3-vessel disease; proximal occlusion of LCA; 


+ P-R > 0.20 sec 


severe narrowing of RCA and LADA 


Recent extensive septal infarction 
Recent extensive septal infarction 


Left and right ventricular hypertrophy. 

Recent extensive infarction of left 
ventricular wall; (emphysema present) 

Recent extensive anterior and septal 
infarction 

Recent subendocardial necrosis of 
posterolateral and anterior wall 

Recent extensive infarction of septum 
from apex to base 


Recent extensive anteroseptal infarction. 

Recent infarction of inferior and posterior 
wall 

Recent infarction of entire septum 
extending into left ventricular wall 

Organized infarction at apex 

Organizing infarction of inferior wall 
involving posterior part of septum 

Extensive infarction of most of left 
ventricle 

Several areas of old infarction with 
fibrous scarring in posterior and 
anterior wall extending in septum; 
recent infarction in apex of left ventricle 


LADA = left anterior descending artery; LAH = left anterior hemiblock; LBBB = left bundle branch block; LCA = left circumflex 
artery; LPH = left posterior hemiblock; RBBB = right bundle branch block; RCA = right coronary artery. 
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Figure 1. Electrocardiogram taken early 
normal P-R interval, AQRS +60° and ORS duration 





during acute anterior infarction on June 17, 1967 (first row) showing sinus rhythm, 
of 0.08 second. On June 18 


(second row) the tracing suggests left anterior 


hemiblock with incomplete left bundle branch block. On June 20 (third row) left posterior hemiblock is present and decreases 
in degree on the last electrocardiogram taken on July 13 (fourth row). ' 


branch block with left posterior hemiblock, differ- 
ences in the P-R interval were accompanied by 
variations in QRS contour. In 2 cases of right bun- 
dle branch block, P-R prolongation was not digi- 
talis-dependent. One of these patients had had 
transient left anterior hemiblock 7 years earlier. 
The mean QRS axis of left bundle branch block 
with P-R prolongation ranged from +10 to —10?. 
Mean QRS axis of the right bundle branch block 
with P-R prolongation was +30°. Mean QRS axis 
of right bundle branch block with left posterior 
hemiblock was +140°. Five of 6 patients with in- 
traventricular conduction defects and P-R pro- 
longation died, 3 of progressive pump failure and 
2 suddenly after the coronary care unit stay. 


Left posterior hemiblock: The last case listed in 
Table III, diagnosed as left posterior hemiblock, merits 
further comment. This 65 year old man with an acute 
anterior infarction (Fig. 1) had no previous history of 
arteriosclerotic heart disease and no evidence of hyper- 
tension. On admission the QRS duration was normal, 
and the QRS axis was --60?. The following day the 
frontal plane QRS axis was —50°. The tracing met the 
criteria for left anterior hemiblock. Howeéver, the QRS 


duration of 0.12 second was lohger than that expected 
from the left anterior hemiblock alone. According to 
Rosenbaum,? widening of the QRS interval in presence 
of left anterior hemiblock máy be explained by an “‘in- 
farction block" between the left posterior and the left 
anterior Purkinje networks. An alternative explanation 
might bé an additional delay in conduction in the main 
bundle. We favor the second explanation because the 
transient nature of this impairment of conduction is 
more likely to be a result of ischemia in the conductive 
tissue rather than extensive necrosis of the cardiac 
muscle. Left anterior hemiblock with incomplete left 
bundle branch block disappeared 2 days later, and the 
frontal QRS axis shifted to +110°. The initial 0.02 sec- 
ond vector was directed quite differently. It has a left 
and superior orientation, inscribing a small 0.20 sec- 
ond Q wave in inferior leads and a small R wave in lead 
aVL. The 0.06 second vector was oriented inferiorly and 
to the right giving an S wave in aVL and a taller R, 
than R». The QRS loop was clockwise. Although the 
QRS duration was shorter, the QRS pattern was the 
mirror image of that taken 2 days earlier. The evolu- 
tionary pattern of successive electrocardiograms in 
this man of upper middle age, who had an acute myo- 
cardial infarction and no electrocardiographic evidence 
of right ventricular hypertrophy and no evidence of 


pulmonary disease, makes the diagnosis of residual left 
posterior hemiblock quite definite. The last electrocar- 
diogram of Figure 1, in which the main QRS axis re- 
turned to 90?, makes it obvious that the diagnosis of 
delayed conduction in the left posterior fascicle cannot 
be made from an isolated tracing. 


Pathologic findings: The presence of an intra- 
ventricular conduction defect in arteriosclerotic 
heart disease with acute myocardial infarction is 
indicative of extensive involvement of the coro- 
nary tree, as can be seen from the data of 14 au- 
topsy cases in Table IV. 

Three-vessel disease was found in 12 cases. Only 
2 patients had evidence of arteriosclerosis limited 
to the left coronary artery system. These patients 
had left anterior hemiblock (Cases 1 and 3). Re- 
cent occlusion of one or more vessels was found in 
11 instances. In the other 3 patients severe gener- 
alized narrowing was seen in the major arteries. 
Recent infarction was confirmed by microscopic 
examination in all patients. Although it was not 
evident by gross examination in Case 1, extensive 
damage was obvious in the other 13 cases. The sep- 
tum was extensively involved by the necrotic pro- 
cess in 8 instances. The weight of the heart tended 
to be greater and old lesions with scarring through- 
out the muscle were more often seen associated 
with the fresh infarction in patients with incom- 
plete bilateral bundle branch block. 


Discussion 


The increased frequency of intraventricular con- 
duction defects in myocardial infarction is ex- 
plained primarily by the recognition of left an- 
terior hemiblock. Because of its unique blood sup- 
ply from septal branches of the anterior descend- 
ing artery and its delicate structure, the left an- 
terior fascicle is highly vulnerable to ischemic or 
necrotic processes. As a result, left anterior hemi- 
block was the most common intraventricular con- 
duction defect associated with myocardial infarc- 
tion.’ In addition to being the most common defect, 
left anterior hemiblock appeared to be the most 
innocuous. 

The second most frequent type of intraventricu- 
lar conduction defect is the association of right 
bundle branch block and left anterior hemiblock. 
The middle segment of the right bundle branch is 
incorporated within the muscular ventricular sep- 
tum and shares the blood supply from the anterior 
descending coronary artery with the left anterior 
fascicle.24 It has been shown to be the most fre- 
quently injured portion of the right bundle branch 
in coronary artery disease.'^ Therefore, the fre- 
quent association of right bundle branch block and 
left anterior hemiblock in coronary artery disease 
seems to be due to the interruption of the fre- 
quently diseased common blood supply rather than 
to the intimate relation of the structures in their 
proximal segment. In fact, the proximal segment 
of the right bundle branch derives its blood supply 
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from branches of the A-V nodal artery and, there- 
fore, from the right coronary artery in 90 percent 
of human hearts.^?* In most observations of the 
sequential development of this bifascicular block, 
left axis deviation precedes the appearance of the 
right bundle branch block,” although the reverse 
sequence has been reported.®!° The high mortality 
in this bifascicular block suggests that it occurs in 
presence of extensive myocardial damage. A fur- 
ther risk is the propensity for complete heart block 
to develop.?.! 

Both incidence and mortality rates of complete 
right bundle branch block were lower in our series 
than in others.2?* This is explained by the inclu- 
sion in earlier studies of bifascicular block (right 
bundle branch block with left anterior hemiblock) 
in the right bundle branch block category. How- 
ever, it is important to recognize that even isolated 
right bundle branch block in the presence of myo- 
cardial infarction has consistently higher mortal- 
ity rates than normal intraventricular conduction. 

Complete left bundle branch block in acute myo- 
cardial infarction has a poor prognosis because its 
presence implies, at best, 2-vessel disease. The sud- 
den development of complete left bundle branch 
block, whether permanent or intermittent, sug- 
gests impairment of the blood supply to the main 
bundle. This arises predominantly from the right 
coronary artery and from branches of the left an- 
terior descending artery.” The frequent pathologic 
correlation of complete left bundle branch block 
and 2-vessel ischemic disease with injury to the 
main bundle has been documented.’ These observa- 
tions apply in myocardial infarction and do not 
pertain to conduction defects due to skeletal fac- 
tors as in Lev’s disease? or to idiopathic factors as 
in Lenegre's disease.” In addition, Unger et al.” 
have pointed out the vulnerability of the relatively 
compact proximal fibers of the main left bundle to 
a discrete lesion compared to that of the more dis- 
tal ramifications. Therefore, as expected from ana- 
tomic considerations, complete left bundle branch 
block due to postdivisional injuries to the left pos- 
terior and anterior fascicles individually should be 
rare. Such a situation might imply 3-vessel disease 
and might be suspected clinically by the intermit- 
tent appearance of left anterior and left posterior 
hemiblock preceding the development of complete 
left bundle branch block. However, such a case has 
never been described. 

The posterior division of the left bundle branch 
seems relatively invulnerable to coronary artery 
disease. Although the first to separate from the 
bundle of His, the left posterior fascicle has the 
shortest pathway to the angle of the interventricu- 
lar septum and the posterior wall and has the 
largest diameter of the 3 fascicles.^?* In addition, 
it has a double blood supply from the anterior and 
posterior descending arteries. Only 1 previous 
case of isolated left posterior hemiblock confirmed 
by pathologie study of the conduction system has 
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been reported.* The complete finding of *pure" left 
posterior hemiblock is usually found when conduc- 
tion defects in other fascicles are intermittent, pri- 
marily in the right bundle branch.?5?* The sequence 
of left anterior hemiblock followed by left poste- 
rior hemiblock in the electrocardiograms presented 
in Figure 1 is uncommon. 

The low incidence of right bundle branch block 
with left posterior hemiblock®:1-!2 results from the 
rare interruption of the left posterior fascicle, in 
conjunction with separate lesions affecting the 
right bundle branch. The very high mortality ex- 
perienced with this bifascicular block illustrates 
the necessary presence of an extensively diseased 
coronary tree. Among the bifascicular blocks, the 
combination of right bundle branch block with 
left posterior hemiblock has been reported to have 
the highest propensity for development of com- 
plete heart block.?.12.14 

Clinical significance: In acute myocardial in- 
farction, intraventricular conduction defects have 
an unfavorable effect on in-hospital survival. This 


is true whether the conduction disturbance existed 
before infarction or occurred acutely during in- 
farction. A spectrum of intraventricular conduc- 
tion defects may be defined. At the most benign 
part of the spectrum is isolated left anterior hemi- 
block not associated with QRS prolongation. The 
prognosis becomes progressively more ominous in 
complete right bundle branch block, complete left 
bundle branch block and, finally, in incomplete bi- 
lateral bundle branch or bifascicular block. The 
more extensive the intraventricular conduction ab- 
normality, the greater the propensity to progres- 
sive pump failure and sudden death. The high mor- 
tality rates in patients with acute myocardial in- 
farction and intraventricular conduction defect 
are not age-dependent. 
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The mechanism of aberrancy of so-called atrioventricular (A-V) 
junctional escape beats was investigated in 8 cases, in 5 of which 
His bundle electrography was performed with both conducted and 
escape beats recorded. Aberrancy in junctional beats usually shows 
features of incomplete or complete right bundle branch block and left- 
ward or rightward shift of the QRS axis in the frontal plane. From the 
morphologic point of view the aberrancy resembles that seen in con- 
ducted beats with the additional feature of bifascicular block. Func- 
tional aberrancy based on incomplete recovery of the conduction 
fibers cannot account for aberrancy in slow junctional rhythms. 
Phase 4 depolarization may explain the aberrancy in slow heart rates 
but cannot readily account for the fusion complexes so frequently 
seen in these rhythms. His bundle electrography in the present study 
showed a time relation between His spikes and the onset of the QRS 
complex which excludes the possibility of antegrade conduction of 
the aberrant beats along the same pathway used by descending 
sinus beats as well as true junctional beats descending through the 
main His bundle. Specifically, the His spikes were found at or near 
the onset of the QRS complexes in aberrant escape beats, whereas 
they were ahead of the QRS complexes by the expected interval of 
40 to 50 msec in the conducted beats. This temporal relation favors 
propagation of escape impulses from their origin bidirectionally, that 
is, simultaneously toward the ventricular myocardium and retro- 
grade toward the main His bundle. This observation, together with the 
right bundle branch block and the axis deviation, places the escape 
focus in 1 of 2 fascicles of the left bundle branch: in the superior di- 
vision for beats displaying right axis deviation and in the inferior divi- 
sion for beats displaying left axis deviation. With acceptance of a 
fascicular origin for these beats, a satisfactory explanation becomes 
readily available for the fusion complexes. 


When heart rate slows because of atrioventricular (A-V) block or 
sinus bradycardia, an escape focus usually emerges and drives the 
ventricle for one or more cycles. It is generally accepted that the 
escape beats arise in the A-V junction or within the ventricles 
producing narrow or wide QRS complexes, respectively. Quite 
frequently, however, escape QRS complexes are not entirely iden- 
tical with those of conducted beats and yet are not sufficiently 
wide and bizarre to justify a diagnosis of ventricular origin. The 
abnormality in such escape beats commonly appears in the form 
of minimal increases in the width of the QRS complex together 


` with shifts of its mean axis. Therefore, such altered beats have 


been thought to originate within the A-V junction but to propa- 
gate to the ventricles in an aberrant fashion." * 
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TABLE | 
Eight Cases of Escape Rhythm 


Age A-V 
Case (yr & Conduction 
no. Sex Diagnosis Digitalis Delay 
1  89F CHF, cause?; acute 
anterior MI ? Toxicity No 
2 73M Acute diaphragmatic MI No No 
3 53M Acute anteroseptal MI No No 
4 66M Multiple MI No No 
5 65F Shock, cause? No No 
6 15M Subarachnoid hemorrhage No No 
7 55F Ischemic heart disease Toxicity Yes 
8 75F Ischemic heart disease Yes Yes 


CHF = congestive heart failure; MI = myocardial infarction. 


Because the most common mechanism of QRS 
aberrancy—namely, incomplete recovery of the 
intraventricular conduction pathways by virtue of 
short coupling intervals or long preceding cycles— 
cannot be incriminated in escape aberrancy,* other 
mechanisms have been sought. The few authors 
who have given thought to the problem have been 
unanimous in suggesting preferential conduction 
of A-V junctional impulses in part or totally along 
accessory paraspecific pathways.'* Kistin* did 
consider spontaneous phase 4 depolarization, origi- 
nally described by Singer et al.,? but believed that 
the presence of fusion beats was contradictory to 
this explanation. 

In this communication evidence will be pre- 
sented to indicate that in many cases of so-called 
junctional escape aberrancy, impulses originate in 
the fascicles of the left bundle branch and, there- 
fore, propagate within the ventricles in an ab- 
normal yet predictable fashion. The finding of a 
fascicular origin for the escape beats provides a 
readily acceptable explanation for the abstruse 
problem of fusion of a supposed junctional beat 


TABLE II 


Various Intervals (msec) and Rates 


with a simultaneously descending sinus beat using 
the same path. 


Material and Methods 


Eight cases of escape rhythm were studied, and His 
bundle electrography for both escape and conducted 
beats was carried out in 5 cases. The origin of the es- 
cape rhythm was loealized in the fascicles of the left 
bundle branch in 5 cases and in the true A-V junction 
above the bifurcation in the remaining 3. The latter 3 
cases were included for clarification of points useful in 
the differential diagnosis of various types of escape 
rhythm. The pertinent biographie and clinical data are 
presented in Table I. 

Patients were brought to the laboratory for study 
because of the arrhythmia. His bundle potentials were 
recorded by the method of Scherlag et al.9 employing a 
bipolar pacemaker catheter and a percutaneous femoral 
vein approach. Intraatrial potentials were recorded by 
means of a second bipolar catheter introduced through 
the same vein or an arm vein. Recordings were made on 
an Electronies for Medicine photographie recorder, 
model DR-8, at paper speeds of 100 to 200 mm/sec. Mea- 
surements of intervals in relation to the His bundle 
spike were made using a Gerber variable scale, model 
TR007100B. P-His and His-Q intervals were measured 
using the earliest visible parts of the P and QRS in sur- 
face electrocardiographie leads. The atrial and ventric- 
ular potentials recorded on the His electrogram were 
not used because they represent depolarization of atrial 
and ventricular myocardium closest to the catheter elec- 
trode and do not correspond to those segments of the 
myocardium which are first to depolarize. 


Results 


P-His, His-Q, P-R and QRS intervals and the 
prevailing rates are presented in Table II. In the 2 
cases of true junctional rhythm originating above 
the bifurcation (Cases 7 and 8), His-Q intervals 
for descending sinus beats and for escape beats 
were exactly the same, and the QRS complexes 
were identical, indicating passage of impulses 








P-His His-Q P-R QRS QRS Configuration and Axis Rate 

Case Normal Normal Normal Normal Normal Normal 

no. Sinus Escape Sinus Escape Sinus Escape Sinus Escape Sinus Escape Sinus Escape 
1 160 45 —5 200 75 95 N 4-15? IRBBB 4-150? 100-110 70-80 
2 140 35 —5 175 80 110 N —30? IRBBB —75? 60-82 58-60 
3 140 PUN 40 0 180 85 110 N 4-75? IRBBB 4-85? 70-75 58-62 
4 ND ND ND ND 180 dul) 70 90 N +45° IRBBB 4-90? 42-45 30 
5 ND ND ND i A Fib A Fib 70 90 N 4-55? IRBBB —45° 70-90 66 
6 ND ND ND ND 130 70 95 N 4-60* ILBBB +90° 42-66 50 
7 145-300 70 70 220-370 90 90 N +30° N +30° 45-50 62 
8 205 50 50 255 100 100 IRBBB+75° | IRBBB 4-75? 29 £4 


a reer ant eee O e | bna I, TIE Ee o (Et ie ee A een Sk Te COMRCINENUR L.S UCET PRESSES ER * 
A Fib = atrial fibrillation; ILBBB = incomplete left bundle branch block; [RBBB = incomplete right bundle branch block; N = normal; 


ND = not done. 


Figure 1. Case 1. Limb leads in 
top panel show an escape beat 
and a conducted sinus beat in | gyi) 1|, 
each lead. Escape beats exhibit ij || | 
marked right axis deviation and | bet ACT E] 
incomplete right bundle branch "See anjam 
block. Rhythm strips V: and Ill in. | | | | ||. 
middle and bottom panels (see 
text for explanation). 


along the same antegrade pathways, namely, His 
bundle-bundle branches-Purkinje fibers. In sharp 
contrast, in the cases of fascicular rhythm (Cases 
1 to 3) His-Q intervals for escape beats were much 
shorter than those of conducted sinus beats. In 
fact, the His spikes in the fascicular beats oc- 
curred at or shortly after onset of the QRS com- 
plexes, clearly indicating an abnormal reversed 
direction of the activation process. Retrograde 
conduction to the atria was not present in any of 
the fascicular beats because of the coexistent but 
independent activity of the sinus mechanism. 


Analysis of Electrocardiograms and His Electrograms 


Case 1: Figure 1 shows selected leads taken from 
an 89 year old woman with congestive heart failure, 
acute anterior myocardial infarction and possible digi- 
talis toxicity. In each of the leads, I, II, III, aVR, aVL, 
aVF and Vg, the first beat is an escape beat and the 
second is of normal sinus origin. The atrial rate is over 
100 beats/min. A-V conduction is impaired, with many 
blocked P waves, after which escape beats marked by 
asterisks appear. In the conducted beats, QRS com- 
plexes are 0.075 second in duration and have a frontal 
plane axis of +15°. Escape beats are slightly wider, 
0.095 second, but exhibit a marked right axis deviation 
of +150°. In lead V,, the small late positive defiections 
indicate the additional feature of incomplete right bun- 
dle branch block, The rhythm strip of lead III at the 
bottom shows a continuous run of escape rhythm ex- 
tending from beats 6 to 11 at a rate of 75/min. Beat 12 
is a fusion complex. According to the prevailing views, 
this escape rhythm would be considered of junctional 
origin with the additional feature of intraventricular 
aberrancy. Ventricular escape in the classic sense 
would not be a tenable diagnosis because of the ab- 
sence of very wide, bizarre QRS complexes. 

Figure 2 shows His bundle potentials recorded si- 
multaneously with leads aVL, II and V,. The first and 
third beats are conducted sinus beats, and beat 2 is an 
escape beat of the same type shown in Figure 1. In the 
sinus beats the sequence of atrium-His-ventricle is pre- 
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served, and the P-His and His-Q intervals of 160 and 
45 msec, respectively, indicate normal àntegrade con- 
duction. In beat 2 the His deflection is clearly visible 
just before the ventricular potentials, but the tem- 
poral relation between the His spike and the QRS com- 
plex is grossly abnormal. The His spike appears 5 
msec after onset of the QRS. From its origin, the es- 
cape impulse must have propagated in 2 opposite direc- 


tions and reached the myocardium and the His bundle 
almost simultaneously. Assuming equal velocity of con- 


duction in both directions, and keeping in mind the 
total His-Q time of 45 msec, the origin of the escape 


beats can be located at a distance of 25 msec from the 
His bundle and 20 msec from the ventricular myocar- 
dium. Roughly, this site would correspond to one of the 





Figure 2. Case 1. His bundle recording with leads aVL, ll 
and V, showing normal H-Q iriterval in sinus beats (1 and 3) 
and almost simultaneous excitation of His bundle and vén- 
tricles in escape beat (2) with right axis deviation and in- 
complete right bundle branch block. Proposed origin of es- 
cape beat is shown in diagram E. 
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Figure 3. Case 2. Selected limb and pre- 
cordial leads showing escape beats (as- 
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fascicles of the left bundle. The presence of incom- 
plete right bundle branch block together with right 
axis deviation in this escape beat is reminiscent of the 
bifascicular block caused by delayed activation in the 
right bundle and the inferior division of the left bun- 
dle. Study of the diagrams below the His electrogram, 
one belonging to normal sinus beats (N) and the other 
to escape beats (E), shows that an impulse originating 
within the superior fascicle of the left bundle (aster- 
isk) would reach the right bundle and the inferior di- 
vision sufficiently late to mimic the pattern of intra- 
ventricular aberrancy of a descending beat. 


Case 2: In this 73 year old man with acute dia- 
phragmatic myocardial infarction a marked sinus ar- 
rhythmia occurred, and during the periods of sinus 
slowing an escape mechanism became active (Fig. 3). 
Escape QRS complexes were 0.11 second wide and dis- 
played right bundle branch block and marked left axis 
variation, Injection of 1 mg of atropine sulfate intra- 








venously accelerated the sinus mechanism and elimi- 
nated the escape rhythm. The third and last beats in 
lead V, and several other beats in the entire tracing 
are fusion complexes. 

In Figure 4, His bundle potentials for 2 normal beats 
in the left panel and 2 escape beats in the right panel 
show that the His-Q relation is grossly abnormal in the 
escape beats. The His spikes occur 5 msec after the 
onset of QRS. The presence of right bundle branch 
block and the marked left axis deviation place the es- 
cape focus in the inferior division of the left bundle 
branch as shown in the accompanying diagram. 


Case 3: In this case (Fig. 5), sinus arrhythmia oc- 
curred during the early stages of an acute anteroseptal 
myocardial infarction, and slowing of the sinus rate 
to less than 60 beats/min activated an escape mecha- 
nism in which the QRS complexes were 0.11 second 
wide and possessed features of incomplete right bundle 
branch block and an indeterminate frontal plane QRS 
axis which was probably 10° to the right of the axis for 


Figure 4. Case 2. His bundle recordings 
in sinus beats (1 and 2) and escape beats 
(3 and 4) (see text). 


-ABERRANCY OF JUNCTIONAL ESCAPE BEATS 


TEN ER " den 1n bu 


HH H f l 
Made “fey 
i 


Figure 5. Case 3. Limb leads and selected 
chest leads showing escape beats (X) and 
fusion beats (F). rE iP 


conducted sinus beats. Fusion complexes can be Patt in : Case 4: btn attipe- (Fig. i A of this 66 year old 
most of the leads but are most conspicuous : in leads no x man with multiple old myocardial infarctions show 
(fifth beat) and V, (sixth beat). RD | RRUA Heady ancy tints y with aberrantly conducted es- 

In Figure 6, His bundle electrograms together r with | . cape beats marked b by asterisks, Escape beats show fea- 
lead V, are shown for 2 conducted sinus beats (a and 2) | tures of incomplete right. bundle branch block and right 
and 4 escape beats (3 to 6). The His-Q interval of 40 . axis deviation of 4-905. His bundle electrography had 
msec for the normal beats compares with a His-Q inter- . pot yet been developed, and the localization of the es- 
val of 0 msec in escape beats, indicating that from its | cape focus in the superior division of the left bundle 
origin the escape beat simultaneously reaches the His > branch shown in the accompanying diagrams is pre- 
bundle and the ventricular myocardium. This observa- y p  sumptive and based on the same arguments marshalled 
tion, and the fact that a conspicuous axis sk nift is not |J in the previous cases. © s 
seen in escape beats, suggests a site of origin within the y Case 5: This 65 year old woman entered the hospital : 
penetrating portion of the left bundle just | before its a in a state of shock, probably septic in origin. The elec- 
branching or within the superior fascicle near the pene- Et _trocardiogram (Fig. 8) showed atrial fibrillation with 
trating portion of the main left bundle. ts a perfectly regular ventricular rhythm at a rate of 66/ 
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Figure 6. Case 3. His bundle recording with 
lead V; showing conducted sinus beats (1 and 
2) and escape beats e to 6). A einn 
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min (Section A). The QRS complexes had features of 
incomplete right bundle branch block and left axis de- 
viation of —45?. Another tracing taken 30 minutes 
later showed resumption of atrioventricular conduction 
with periods of 2 or more conducted beats seen in leads 
I, II, III, V,. The first 6 beats in V, are conducted 
beats, whereas the last 2 beats are of the escape variety. 
The conducted beats are irregular and narrow, whereas 
the escape beats are regular and slightly wider. The 
origin of the escape beats was localized in the inferior 
fascicle of the left bundle. Unfortunately, the patient 
did not live long enough for further studies. 


Discussion 


In 1938, Katz and Kaplan’ in describing 4 cases 
of “unusual A-V nodal rhythms” illustrated a case 
in which junctional escape heats differed from con- 
ducted sinus beats in that the former had a mono- 
phasic R wave whereas the latter had RS com- 
plexes. However, no attempt was made to explain 
this change of QRS axis. A similar phenomenon 
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Figure 7. Case 4. Rhythm strips showing 
normal sinus beats and aberrantly conducted 
escape beats (asterisks). 


was again noted briefly in 1950 by Hwang and 
Langendorf.5 These investigators observed slight 
alterations in QRS configuration of “A-V nodal 
escape" beats in 1 of 25 cases of escape rhythm in 
the presence of atrial fibrillation. They suggested 
that the morphologic difference represented aber- 
rancy and not a ventricular crigin. Pick! in 1956 
was the first to discuss the matter of aberrancy of 
junctional escape beats and studied 11 such cases. 
Because prematurity and inadequate recovery did 
not apply, Pick ruled out functional explanations 
in search of anatomic ones and suggested prefer- 
ential conduction of junctional escape beats along 
paraspecific A-V pathways of the type demon- 
strated by Mahaim? and later by Lev and Lerner.’ 
These workers had shown specialized conduction 
fibers to extend from the A-V node or main His 
bundle to the myocardium of the interventricular 
septum. The presence of fusion complexes in 1 
other case was accepted by Pick as evidence for the 
ventricular origin of the escape beats. Goodman 


Figure 8. Case 5. Twelve lead electrocardio- 
gram (A) showing atrial fibrillation and escape 
rhythm. Panel B shows sinus and escape 
beats. 


and Pick? in 1961 published an interesting case of 
rheumatic carditis in which junctional escape 
beats were grossly aberrant in configuration but 
not much wider than conducted beats; in addition, 
there was a profusion of fusion forms. Accepting 
the thesis that fusion cannot result from impulses 
traveling in the same direction and using the same 
pathway, Goodman and Pick concluded that the 
escape beats must have used certain paraspecific 
pathways or that they originated in the interven- 
trieular septum midway between the 2 bundle 
branches. They admitted that they could not decide 
between these 2 possibilities but favored the 
former. Walsh? also discussed the question of ab- 
errancy of junctional beats over a wide range of 
rates from 50 to 100 beats/min. He did not exclude 
a ventricular origin but suggested that the rela- 
tively rapid rates favored a higher pacemaker. 
Walsh also stressed the high frequency of fusion 
complexes and suggested conduction along Ma- 
haim's paraspecific pathways. He did not favor an 
origin within the interventricular septum because 
such beats should propagate within the ventricles 
in similar fashion and produce similar QRS com- 
plexes in various persons. 

Kistin's report* of 6 cases of aberrancy of junc- 
tional beats is by far the most thoroughly docu- 
mented paper on the subject. Using esophageal 
leads for the study of timing and direction of the 
retrograde P waves situated adjacent to the QRS 
of aberrant escape beats, he observed that the very 
short R-P’ intervals favored a junctional focus 
and excluded ventricular escape mechanism. Con- 
sequently, he suggested that aberrancy and fusion 
of junctional beats can best be explained by as- 
suming conduction into the ventricles by pathways 
other than the usual A-V pathways. Kistin did not 
consider the spontaneous phase 4 depolarization 
and the resultant low membrane potential de- 
scribed by Singer et al. a good explanation for 
aberrancy of junctional beats because it did not 
provide a simultaneous explanation for the fusion 
complexes. It appears to us that if phase 4 de- 
polarization which is likely to occur toward the 
end of long diastolic cycles were responsible for 
the aberrancy, then the incidence of such aber- 
rancy would have to be the same in sinus brady- 
cardia as in slow junctional rhythms. However, 
aberrancy in sinus bradycardia is extremely rare," 
although it is a relatively common observation in 
junctional beats. 

Fascicular origin of escape beats: If aberrancy 
in so-called junctional escape beats cannot be as- 
cribed either to incomplete recovery or to phase 4 
diastolic depolarization, then an anatomic origin 
must emerge as a more tenable explanation. Our 
finding of His spikes at or near the beginning of 
the escape QRS complexes excludes the possibility 
of a descending impulse traversing the main His 
bundle before reaching the ventricular myocar- 
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dium. Comparison of His—Q intervals in conducted 
sinus and junctional beats suggests origin of im- 
pulses at some point equidistant between the main 
His bundle and the Purkinje fibers. This localiza- 
tion is consistent with the fascicles of the left 
bundle branch. The recent studies of Lau et al. 
and of Narula et al.'? concerned with recording of 
left bundle potentials in dogs and in man, respec- 
tively, support our finding that in beats originat- 
ing from the left bundle, the impulse travels 
retrograde to reach the main His bundle. Activa- 
tion of the main His bundle is therefore delayed 
and brought closer to the ventricular potentials. 
The marked alterations of QRS axis which have 
featured prominently in most of the reported cases 


of escape aberrancy and in the cases described 


herein are in keeping with the origination of the 
impulse in 1 of the 2 fascicles, reaching the other 
fascicle a little later, thus masquerading as the 
familiar fascicular block in conducted sinus beats. 
The incomplete, rather than complete, right bun- 
dle branch block, so common in such beats, is also 
to be expected. An impulse originating in a fascicle 
of the left bundle would require, according to ob- 
servations reported here and the studies of Narula 
et al., 15 to 20 msec to reach the myocardium of 
the left ventricle and about the same period of time 
to arrive at the bifurcation. Each impulse would 
begin its descent along the right bundle branch at 
about the time that it reaches the myocardium of 
the left ventricle. Allowing 20 to 25 msec for the 
impulse transmission through the right bundle and 
its Purkinje network, one can readily see that acti- 
vation of the right ventricular myocardium would 
lag behind that of the ventricle by 20 to 25 msec. 
This modest time difference between the 2 ventri- 
cles would cause the pattern of incomplete instead 
of complete right bundle branch block. This calcu- 
lated time difference corresponds with the incre- 
ments of QRS duration from conducted to escape 
beats observed in this study and shown in Table II. 

The localization of impulses in the fascicles of- 
fers a ready explanation for the fusion process of- 
ten noted. In fact, from this viewpoint, fascicular 
beats do not differ materially from classic idioven- 
tricular beats. We have observed no examples of 
escape beats originating in the right bundle with 
resultant left bundle branch block. However, there 
is no reason why such beats could not occur. 


Differential Diagnosis 


Bradycardia-dependent aberrancy in junctional 
escape beats: Figure 9 (Case 6) is believed to de- 
pict an example of the rare phenomenon of aber- 
rancy due to phase 4 depolarization in true junc- 
tional beats arising above the bifurcation. Escape 
beats, some of which are marked by X, show a 
rightward shift of the QRS axis and loss of the R 
waves in leads V, and V. consistent with incom- 
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Figure 10. Case 7. His bundle recording and 


i (3,5,7;:9,11) with His-Q interval identical to 
s E.F. ocen sezese that of conducted sinus beats (2,6,8,10). 





Figure 11. Case 8. Top, selected leads of 
mlc — ——À , previous tracings. Bottom, His bundle record- 
ing with V; and right atrial lead (RA) showing 


STU : | | aberrantly conducted junctional beats (2 and 
, 31, CES NE ATS aN NNI: d t d 
Er. MERE E ap L7. Nena ^. Resins 4) due to preexistent conduction impairment 
H 


va tes) of right bundle branch as seen in sinus beats 

"|y os | j 1 and 3, and also in tracings of 1967 and 

H DOH 244986 "uz. 1968. Note that the His-Q intervals are the 
H 


same for conducted and escape beats. 


plete left bundle branch block. The combination of 
right axis deviation and incomplete left bundle 
branch block is consistent only with conduction 
delay in the inferior division of the left bundle in 
case of a descending beat. To ascribe the right axis 
deviation to origin of the impulse from the su- 
perior division of the left bundle would demand 
the coexistence of an incomplete right bundle 
branch block which is conspicuously absent in this 
case. 


Ventricular escape rhythms: Such escape 
rhythms at slow rates and also at rates very near 
the prevailing sinus rate (accelerated isorhythmic 
ventricular rhythm)'* are relatively common in 
acute myocardial infarction, digitalis toxicity, 
A-V block and a host of other clinical circum- 
stances. Fusion forms are frequently seen. How- 
ever, the QRS complexes are 0.12 second or wider 
and display a bizarre configuration. Beats originat- 
ing in the left ventricle, more peripherally than 
the fascicles, produce slurred, monophasic R waves 
in lead V,. The patterns of rSr’ or rSR’ are not 
seen. His bundle electrography contributes to the 
diagnosis by showing no His spikes before the es- 
cape QRS. The His spikes are usually buried 
within the ventricular complex. Only infrequently 
are retrograde His spikes, and even more rarely, 
retrograde P waves found after the ventricular po- 
tentials. However, the absence of a His spike be- 
fore or after a QRS complex may simply reflect 
movement of the catheter away from the His bun- 
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dle for that beat. This is a common occurrence 
when the magnitude of atrial and ventricular con- 
tractions change from beat to beat because of a 
changing P-R relation. 

Classic junctional escape beats without aber- 
rancy: These arise from the main His bundle 
and are identical in QRS configuration with con- 
ducted sinus beats (Case 7, Fig. 10). The impor- 
tant diagnostic feature is that His-Q intervals are 
identical for escape and sinus beats (Table II). 
Aberrancy, when present, is seen only in early 
junctional or capture beats but not in escape 
beats.!^ 

Junctional escape rhythm with preexisting aber- 
rancy: Here, the previous tracings taken before 
the onset of the junctional rhythm show the aber- 
rancy to have been present in conducted beats. As 
shown in Figure 11 (Case 8), an incomplete right 
bundle branch block unaccompanied by axis shift 
was present in junctional beats recorded in Sep- 
tember 1970, as well as in 2 previous electrocardio- 
grams taken in 1967 and 1968. The relation be- 
tween the P wave and the QRS complex suggests 
an origin near and above the A-V node for 1967, 
below the A-V node for 1968 and below the A-V 
node with retrograde V—A block for the 1970 trac- 
ing. The His-Q intervals are the same in escape 
beats 1, 2 and 4 as for the conducted beat 3; there- 
fore, both impulses travel the same path and the 
aberrancy is present because of the already exist- 
ing conduction impairment in the right bundle 
branch. 
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Supravalvular cineaortography, the most commonly employed pro- 
cedure for the assessment of aortic regurgitation, is a semiquantita- 
tive technique. The surgeon's estimation of aortic regurgitation pres- 
ent at surgery may differ appreciably from the cineaortographic pre- 
diction. To evaluate the aortographic technique, a sine wave electro- 
magnetic flowmeter was applied to the ascending aorta of 25 pa- 
tients who underwent thoracotomy after cineaortography had demon- 
strated aortic regurgitation graded 14+ to 4+ by conventional grad- 
ing criteria. The percent of retrograde to forward aortic flow and 
the mean volume regurgitation (ml/diastole) was compared with 
the cineaortographic grade. In 5 patients with a cineaortographic 
grade of 1+, aortic retrograde flow ranged from 5 to 17 percent of 
forward flow and mean volume regurgitation from 3 to 13 ml/ 
diastole. Seven patients with a cineaortographic grade of 2+ had 
retrograde flow ranging from 8 to 75 percent with volume regurgita- 
tion ranging from 6 to 60 ml/diastole. In 12 patients with 3- 
regurgitation, the retrograde flow varied from 17 to 86 percent of 
forward flow with a volume regurgitant range of 6 to 121 ml. The 
single patient with grade 4+ aortic regurgitation had a retrograde 
flow of 49 percent and a mean volume regurgitation of 31 ml. 

The severity of aortic regurgitation estimated by cineaortography 
may differ greatly from that determined by quantitative flow measure- 
ment at the time of thoracotomy. 


Massive aortic regurgitation, in the absence of extreme left ven- 
tricular failure, can be detected readily by bedside clinical exami- 
nation. However, it has long been recognized that the character 
of the diastolic murmur, the level of the systemic diastolic pres- 
sure, the amplitude of the arterial pulse pressure and other signs - 
of aortic valve disease do not permit the assessment of moderate 
to moderately severe regurgitation with the precision needed for 
preoperative evaluation.'^ An accurate estimation of the magni- 
tude of aortic regurgitation in a patient with valvular disease is 
needed not only to determine if aortic valve replacement should 
be undertaken, but also to predict if reflux of blood through the 
aortic valve will increase the technical problems and risk of open 
mitral valve surgery. Significant aortie regurgitation during car- 
diopulmonary bypass may appreciably decrease coronary perfu- 
sion pressure and also obscure the operative field during operation 
on the mitral valve. 


TABLE | 


Preoperative and Operative Findings in 25 Cases 
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Catheterization Operation 
Cine- Percent 
aorto- Net Forward Diastolic  Regurgi- Net 
graphic Forward Blood Ventricular Stroke Regurgita- tantto Forward Blood Ventricular 
Case Grade Flow Pressure Rate Volume tion — Forward Flow Pressure Rate 
no. Diagnosis of AR (liters/min) (mm Hg) (beats/min) (ml) (ml) Flow  (liters/min) (mmHg) (beats/min) 
mco) oa Ea o CERCEOM BOLD EE SO Farm qM rM Li, E E e 
1 AR 3 4.03 115/60 108 47 21 45 2.64 100/80 103 
2 AR 3 5.33 145/40 135 51 21 41 3.64 140/85 121 
3 AR 3 7.5 120/40 78 "n Ms 34 aot 160/70 68 
4 AR 3 T 125/75 112 60 20 34 3.56 120/60 90 
5 AR 3 5.7 125/57 65 87 42 48 4.89 120/60 110 
6 AR,AS 2 7.4 127/50 84 103 43 42 4.24 146/80 71 
7 AR,AS 3 3.96 120/80 86 TN 86 xm. 120/70 87 
8 AR,AS 1 2.24 130/75 75 28 3 10 1.7 90/50 68 
9 AR,AS 1 6.9 100/60 75 63 6 9 3.67 90/80 64 
10 AR,AS 3 4.4 105/50 92 130 56 43 4.81 90/35 65 
11 AR,AS 1 4.56 102/60 86 70 12 17 4.42 115/60 76 
12 AR,MS 1 4.36 125/65 78 47 3 5 3.57 90/65 80 
13 AR,MS 1 85/55 78 38 5 14 2.84 50/35 87 
14 AR,MI 3 ; 120/55 87 110 86 78 1.98 120/60 82 
15 AR,MI 3 3.5 90/52 80 98 54 57 3.29 105/60 78 
16 AR,MI 3 2.58 117/43 87 145 57 39 7.96 125/25 90 
17 AR,MI 2 3.04 138/56 74 78 58 75 1.64 90/40 84 
18 AR,AS,MS 4 an 130/55 88 62 31 49 2.75 100/70 87 
19 AR,AS,MS 2 4.0 120/60 87 133 11 8 9.54 157/67 - 78 
20 AR,AS,MS 3 3.95 120/60 61 93 61 65 2.21 100/60 68 
21 AR,AS,MS 2 5.5 95/50 60 113 12 11 8.45 85/55 84 
22 AR,MI,MS 2 3.9 140/70 75 55 6 11 3.48 130/80 71 
23 AR,AS,MI,MS 3 ds 145/70 87 38 6 17 2.71 90/50 86 
24 AR,AS,MI,MS 2 3.55 108/50 75 100 60 60 3.68 110/50 92 
25 AR,AS,MI,MS 2 3.23 170/75 64 40 8 20 3.20 110/70 100 
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AR = aortic regurgitation; AS = aortic stenosis; MI = mitral insufficiency; MS = mitral stenosis. 


Several sophisticated and, in some cases, rather 
cumbersome methods have been described for the 
determination of the severity of aortic regurgita- 
tion induced in experimental animals or existing 
as a result of disease in human patients. These 
methods have included the use of indicator-dilution 
curves,*® volume quantitative angiography’ and 
intravascular electromagnetic flowmeter record- 
ings of forward and retrograde aortic flow.” How- 
ever, supravalvular cineaortography remains the 
most commonly employed clinical technique for 
the preoperative assessment of the severity of 
aortic regurgitation.!2451216€ This method re- 
quires a visual estimation of the volume of opaci- 
fied blood regurgitating into the left ventricle, 
and is considered only a semiquantitative tech- 
nique, !™114 During several years’ experience with 
supravalvular cineaortography, we have found, 
as have others,?!5 that the surgeon's impression of 
the magnitude of aortic regurgitation found at op- 
eration may differ appreciably from the severity 
of regurgitation predicted by the cineaortogram. 
The surgeon's estimation of the severity of regur- 
gitation found during cardiopulmonary bypass has 


generally been based upon a visual impression of 
the amount of blood refluxing into the yentricle, or 
hy the very gross measurement of the suction flow 
required to insure a dry field.?:^ 

The development of reliable electromagnetic 
flowmeters'? permits the accurate assessment of 
forward and retrograde aortic flow when the flow- 
meter probe can be applied to the ascending aorta 
at the time of thoracotomy. This method has been 
employed to determine the volume of regurgitation 
present at surgery, and to observe changes in flow 
that occur after aortic valve replacement.!5?? Delin 
et al. studied 4 patients with aortic regurgitation. 
They found that 2 with “moderate” aortic insuffi- 
ciency determined by aortography had a retro- 
grade aortic flow of 42 to 50 percent of forward 
flow. Their 2 patients considered to have severe 
aortic regurgitation by aortographic criteria had a 
measured retrograde flow of 64 to 69 percent of 
forward flow. Others who have employed the flow- 
meter technique for the measurement of aortic re- 
gurgitant flow at thoracotomy did not undertake 
a comparison of the measured regurgitation with 
the aortographic grading. Therefore, the present 
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study was undertaken to apply the objective quan- 
titation possible with the electromagnetic flow- 
meter to evaluate the accuracy of supravalvular 
cineaortography and to determine if the surgeon's 
impression of occasional unreliability of aortogra- 
phy is valid. 


Methods 


In 25 adult patients with aortic regurgitation, left 
heart catheterization and cineaortography were per- 
formed with subsequent electromagnetic flowmeter 
measurements of phasic aortic blood flow recorded dur- 
ing thoracotomy. Five patients had isolated aortic in- 
sufficiency without evidence of other valvular disease. 
The remaining subjects had other associated valvular 
lesions (Table I). Retrograde aortic and left ventricu- 
lar catheterization was accomplished in all patients by 
the percutaneous femoral arterial technique after pre- 
medication with meperidine. Supravalvular aortogra- 
phy was performed with injection of 45 to 50 ml of con- 
trast medium at a pressure of 35 kg/cm2. Ventricular 
and aortic pressures were measured using Statham 
P23Db transducers. Cardiac output detérminations 
. were obtained for 20 patients by the indicator-dilution 
. method using indocyanine green dye. 
| The eineaortograms were reviewed by 2 observers 
who had not participated in the catheterization study. 
_ The severity of aortic regurgitation, estimated from 
the cineaortograms, was graded on a scale of 1+ to 4+ 
according to the criteria of Cohn et al.5 This method of 
grading, which differs in no significant detail from that 
reported earlier from other laboratories,!-!? follows: 

1+—a small reflux of contrast material into the left 
ventricle during each diastole with complete clearing 
during the subsequent systole. 

2+—faint, but incomplete, opacification of the left 
ventricle during diastole with the contrast material not 
being cleared with each systole. 

3+—progressive opacification of the left ventricle 
during several cardiac cycles with ultimate complete 
opacification. 

4+—complete opacification of the left ventricle with 
contrast material at the end of the first diastole fol- 
lowing injection. The ventricle remains completely 
opacified for several cardiac cycles. 

Electromagnetic flowmeter recordings of phasic aor- 
tic flow were obtained from the 25 patients at subse- 
quent thoracotomy. Halothane-nitrous oxide-oxygen an- 
esthesia was employed in 22 patients. Morphine sulfate- 
nitrous oxide-oxygen anesthesia was used in the re- 
maining 3. After thoracotomy, the ascending aorta was 
exposed, and a Statham flow transducer of the cuff type 
with an interval diameter of 26/mm or 32/mm was 
placed around the ascending aorta 5 to 7 em above the 
base of the heart. Patients were excluded from this 
study if the circumference of the ascending aorta was 
too small for a snug fit by the smaller probe or too 
large to permit uncompromised aortic flow when the 
larger probe was used. The flow probes were energized 
with a Statham M-4,000 sine wave electromagnetic 
flowmeter, and curves of phasic flow were recorded si- 
multaneously with an electrocardiogram and radial ar- 
terial pressure pulse. All phasic flow recordings were 
obtained before institution of cardiopulmonary bypass. 


Zero flow was established by cross-clamping the aorta 
as close to the heart as possible. Cross-clamping of the 
aorta was accomplished in 17 patients before the heart 
had been cannulated for cardiopulmonary bypass; in 
the 8 others, cardiopulmonary bypass was initiated be- 
fore recording the zero flow base line. Care was taken 
to isolate the flow probe from any metal instrument 
that might distort the electromagnetic field. 

Determination of forward and retrograde volume 
flow: The flow probes were calibrated for absolute 
volume flow with isotonic saline solution in a closed- 
loop system designed in our laboratory. This system is 
quite similar to that outlined by Case et al?! The re- 
sponse to both forward and reverse flow was linear and 
the calibration curves were reproducible, showing good 
agreement with the calibrations supplied by the probe 
manufacturer. 

Since the electromagnetic flow curves represent flow 
velocity versus time, volumetric flow was determined 
by integrating the areas under the flow curve. For- 
ward flow was determined from the area of the curve 
above the base line and retrograde flow from the area 
of the flow pattern below the base line, At least 10 con- 
secutive cardiac cycles were measured for each patient, 
and the mean value of volume flow/beat was deter- 
mined. The ratio of regurgitant to forward volume flow 
was multiplied by 100 to obtain percent regurgitation. 
Total forward flow (liters/min) was obtained by mul- 
tiplying the total forward stroke volüme by the pulse 
rate, Total regurgitant flow was similarly determined 
from the regurgitant stroke volume. Net forward flow 
(liters/min) was determined as the difference between 
the tctal forward flow per minute and total regurgitant 
flow per minute. 


Results 


The results of the preoperative and operative 
studies obtained from the 25 patients in this series 
are summarized in Table I. The cineaortographic 
grade of aortic regurgitation ranged from 1-- to 
4+, and the electromagnetic flowmeter determina- 
tion of the percent regurgitant flow ranged from 5 
to 86 percent. The electromagnetic flowmeter re- 
cording from 1 patient with moderately severe 
aortic regurgitation is shown in Figure 1. This 
subject (Patient 24, Table I) had a total forward 
stroke volume of 100 ml/systole. The retrograde 
diastolic flow volume was 60 ml/cardiac cycle. 
Therefore, the retrograde flow represented 60 per- 
cent of total forward flow. For comparison, Fig- 
ure 2 illustrates the phasic aortic flow pattern in a 
patient with a normal aortic valve. The small nega- 
tive deflection in early diastole apparently reflects 
normal early diastolic flow. This normal pattern is 
the same as that recorded by others from subjects 
with normal aortic valves or properly functioning 
aortic prostheses.18-2° 

Percent regurgitation estimated by electromag- 
netic flowmeter: In Figure 3, the preoperative 
cineaortographic grade of aortic regurgitation is 
plotted against the percent regurgitation mea- 
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Figure 1. Flowmeter recording of phasic aortic flow of pa- 
tient with moderately severe aortic regurgitation. Forward 
stroke volume (light stippled area above the base line) was 
measured as 100 ml/systole. Retrograde flow (dark stippled 
area below the base line) was 60 ml/diastole. Thus, retro- 
grade flow was, 60 percent of forward flow. 
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Figure 2. Electromagnetic flowmeter pattern from a patient 
with a normal aortic valve. The small negative deflection in 
early diastole reflects normal, early diastolic flow with aortic 
valve closure. 


75 0 


EMFM 
PER CENT o 


REGURGITATION 





CINEAORTOGRAPHIC GRADE 


Figure 3. Electromagnetic flowmeter (EMFM) determination 
of percent regurgitation at operation is plotted against the 
preoperative cineaortographic grade of aortic regurgitation 
for the 25 patients in this study. Persons with co-existing 
mitral insufficiency are designated by squares. 
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sured by the electromagnetic flowmeter in each of 
the 25 patients in this study. Eight patients are 
represented by squares rather than circles. These 
patients had mitral insufficiency in addition to aor- 
tic regurgitation. Since the cineaortographic grad- 
ing depended in part upon the amount of contrast 
material remaining in the ventricle after each sys- 
tole, it seemed appropriate to designate those pa- 
tients with mitral regurgitation to determine if 
escape of dye into the left atrium might influence 
the grading of aortic disease. The horizontal bar 
in each cineaortographic grade represents the 
mean percent regurgitation for that grade. Pa- 
tients with an aortographic grade of 1+ had a re- 
gurgitant flow ranging from 5 to 17 percent of for- 
ward flow. Those with an aortographic grade of 
2+ had a measured regurgitation of 18 to 75 per- 
cent and those with a grade of 3+ had a range of 
17 to 86 percent. Although the mean value for the 
percent regurgitation increased for each succes- 
sive cineaortographic grade between 1 and 3, a 
wide overlap is apparent. For example, 4 of the 19 
patients considered to have 2+ or 3+ regurgita- 
tion by the aortographic method had a percent re- 
gurgitation within the range found for patients 
with a cineaortographic grade of 1+. Two of the 
patients with an aortographic grade of 2+ had a 
percent regurgitation higher than the mean for 
grade 3+, and the single patient considered to 
have 4+ regurgitation had a regurgitant percent- 
age essentially the same as the mean for the 2+ 
grade. The presence of mitral insufficiency did not 
seem to result in a consistent underestimation of 
aortic regurgitation. 
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Figure 4. The electromagnetic flowmeter (EMFM) deter- 
mination of volume of regurgitation (ml/diastole) is plotted 
for 23 patients against the preoperative cineaortographic 
grade. Patients with coexisting mitral regurgitation are desig- 
nated by squares. 
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Absolute volume of regurgitant flow: Since the 
visual grading of the cineaortogram depends upon 
opacification of the ventricle, the grading might be 
considered more reasonably influenced by the abso- 
lute volume of regurgitant flow than by the per- 
centage of forward flow refluxed into the ventricle. 
In Figure 4, the cineaortographic grade of regur- 
gitation is plotted against the electromagnetic 
flowmeter determination of absolute volume of re- 
gurgitant flow (ml/diastole). Twenty-three points 
are presented on this graph, since the electromag- 
netic flowmeter results from 2 patients could not 
be used to calculate absolute volume of regurgita- 
tion. Difficulty with the recorder during the study 
of these 2 patients made it necessary to employ a 
linear but noncalibrated channel. An accurate de- 
termination of the percent of regurgitant flow 
could be made by comparison of the curves of for- 
ward and retrograde flow, but absolute volume 
quantitation could not be expressed accurately. 

Regurgitant flow per diastole: When the mea- 
sured regurgitation is expressed as ml/diastole, 
there remains a wide overlap among patients with 
grades 1+, 2+ and 3+ although the mean regurgi- 
tant flow increases for each grade. Patients with a 
grade of 1+ had 3 to 13 ml of regurgitation /dias- 
tole and those with a 2+ grade had from 6 to 60 ml 
of regurgitation/diastole. Patients with an aor- 
tographie grade of 3+- had a regurgitant diastolic 
flow ranging from as low as 16 ml to as high as 86 
ml. The single subject with grade 4+ aortic regur- 
gitation had a measured regurgitation of 31 ml/ 
diastole. Mitral insufficiency apparently did not 
result in consistent underestimation or overestima- 
tion of the volume of aortic regurgitation. 

Correlation with clinical signs of aortic regurgi- 
tation: Although the principal objective of this 
study was the assessment of the cineaortographic 
method, the protocol permitted us to compare clini- 
cal methods of assessment with the results ob- 
tained with supravalvular aortography and quan- 
titative flow measurements. The level of the sys- 
temic diastolic pressure, the amplitude of the pulse 
pressure and the intensity of the aortic regurgi- 
tant murmur were compared with the catheteriza- 
tion and operative findings. When the diastolic 
blood pressure was correlated with the aorto- 
graphic grade of aortic regurgitation, marked 
overlap was found in all grades. Patients with an 
aortographic grade of 1— or 2+ had diastolic pres- 
sures ranging from 50 to 75 mm Hg. Those with 
an aortographic grade of 3+ or 4—- had diastolic 
pressures ranging from 40 to 80 mm Hg. A simi- 
lar overlap was apparent when the diastolic pres- 
sure was related to the percent regurgitant flow 
determined with the electromagnetic flowmeter. 
The 10 patients with less than 20 percent regurgi- 
tation had diastolic pressures ranging from 50 to 
75 mm Hg, whereas the 15 patients with greater 
than 34 percent regurgitation had diastolic pres- 
sures ranging from 40 to 80 mm Hg. The diastolic 


pressure agreed with the aortographic and flow- 
meter findings in some patients, agreed with nei- 
ther in some patients, and agreed with one or the 
other in other patients. 

When the amplitude of the arterial pulse pres- 
sure was compared with the aortographic and 
flowmeter results, an overlap similar to that ob- 
tained with the diastolic pressure correlation be- 
came apparent. Patients with an aortographic 
grade of 1+ or 2+ had a pulse pressure ranging 
from 30 to 95 mm Hg, and those with 3+ to 4+ re- 
gurgitation had a pulse pressure ranging from 40 
to 105 mm Hg. Persons with flowmeter recordings 
showing less than 20 percent regurgitation had 
pulse pressures ranging from 30 to 87 mm Hg, 
and those with greater than 34 percent regurgita- 
tion had pulse pressures ranging from 55 to 105 
mm Hg. Although patients having major regurgi- 
tation demonstrated by aortography or flowmeter 
records had a mean pulse pressure higher than the 
mean of the group with less severe regurgitation, 
the overlap was so great that the predictive value 
of the pulse pressure was not apparent when con- 
sidering individual patients. Since the diastolic 
pressure and the pulse pressure recordings were 
obtained in the catheterization laboratory, one 
might anticipate that these methods of clinical ex- 
amination would correlate more precisely with the 
aortographic studies than with the intraoperative 
flow studies. This did not prove to be the case. Both 
the diastolie pressure and the amplitude of the 
pulse pressure correlated equally well, and equally 
poorly, with the results obtained by aortography 
and electromagnetic flow measurement. 

Intensity of the diastolic murmur, in general, 
showed some rough correlation with the aorto- 
graphic and flowmeter assessments. However, this 
agreement was not uniform. The 5 patients with 
an aortographic grade of 1-- had a murmur of 
grade 1/6 or 2/6 intensity, but 3 of those with 
moderate to severe aortographic grades had mur- 
murs of 1/6 or 2/6 intensity. Six patients with 
grade 2+ aortograms had a murmur of 3/6 inten- 
sity, whereas the single patient with a 4+ regurgi- 
tation had a murmur with an intensity of 2/6. 
With the exception of 1 patient with a 2/6 mur- 
mur, all subjects with an electromagnetic flow re- 
cording indicating greater than 34 percent regur- 
gitant flow had a murmur of 3 to 5/6 intensity. 
However, 3 of 10 patients with a regurgitant flow: 
of less than 20 percent had a murmur with an in- 
tensity of 3/6. These findings agree with the early 
reports,’ thus indicating that the clinical assess- 
ment of the magnitude of aortic regurgitation may 
vary from the results obtained by other methods of 
study. 


Discussion 


The results of this study, consistent with other 
reports, indicate that supravalvular aortography 


can give a reasonable prediction of the amount of 
aortic regurgitation to be expected at the time of 
surgery in many patients. The 5 patients in this 
study with a cineaortographic grade of 14- had a 
regurgitant to forward flow of 17 percent or less. 
However, in many cases, there was poor agreement 
between the preoperative assessment and the mea- 
sured regurgitation at operation. For example, 1 
patient with an aortographic grade of 3+ had a 
measured regurgitation 17 percent of total for- 
ward flow, whereas 1 with an aortographic grade 
of 2+ had a regurgitant flow of 75 percent. Leh- 
man et al.'4 in their early report on aortography 
noted that the procedure gave only a rough estima- 
tion of the degree of insufficiency of the aortic 
valve. Sellers et al.!^ found that results of the an- 
giographic method generally agreed well with the 
operative findings, but they reported that aortic 
insufficiency which had been considered minor by 
aortographic grading was occasionally found to be 
severe in persons undergoing subsequent surgery 
for mitral stenosis. Although Cohn and co-work- 
ers? found that cineaortography was more reliable 
than the usual clinical method for the preoperative 
assessment of aortic regurgitation, they noted a 
marked discrepancy between the aortographic de- 
termination and the operative findings in some pa- 
tients. 

Previous assessments of the amount of aortic re- 
flux present at surgery have been imprecise and 
based upon the visual impression of retrograde 
blood flow from the aorta, or the gross measure- 
ment of the suction flow required to maintain a 
clear operative field during mitral valve sur- 
gery.25^?? Suction return under these circum- 
stances, of course, includes not only aortic reflux 
but coronary and bronchial collateral flow return. 
The studies of Cohn et al.5 involved only patients 
having mitral valve surgery, and the assessment of 
aortic regurgitation was undertaken during car- 
diopulmonary bypass, when normal systolic-dia- 
stolic time intervals are destroyed. The circum- 
stances in which their study was undertaken might 
thus have contributed in part to the discrepancy 
observed in some patients between the preopera- 
tive and operative findings. However, in our 
studies, flow measurements were obtained prior to 
cardiopulmonary bypass. Therefore, a nearly nor- 
mal systolic to diastolic flow time existed. The mea- 
surement of retrograde to forward phasic aortic 
flow with the flowmeter permitted accurate quan- 
titation of volume flow through the aortic valve, 
thus eliminating any error in measurements which 
might result from the technique of assessing aortic 
flow by left ventricular suction methods which in- 
clude coronary and bronchial return. 

Explanations for lack of agreement between pre- 
operative and operative findings: If one assumes 
the well known accuracy of electromagnetic flow- 
meter measurement when properly applied, 2 pos- 
sible explanations for the lack of agreement be- 
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tween the preoperative and operative findings are 
apparent. First, the cineaortograms were recorded 
under conditions existing in the catheterization 
laboratory, whereas the flowmeter recordings were 
obtained under anesthesia during thoracotomy. 
The heart rate, systolic and diastolic blood pres- 
sures and forward flow were determined for each 
patient during catheterization and compared with 
these values measured at the time of surgery to de- 
fine how these variables might influence aortic re- 
gurgitation. As noted in Table I, the forward flow 
measurement tended to be lower in most patients 
at the time of surgery than that obtained during 
catheterization. However, in 6 patients the mea- 
sured forward flow at catheterization and at sur- 
gery were essentially the same. In an occasional 
patient, the output at operation exceeded the out- 
put measured at the time of aortography. The 
heart rate and blood pressure at operation in- 
creased or decreased from the catheterization 
values with relatively equal frequency. We found 
it impossible to demonstrate any consistent effect 
of a difference in the heart rate, blood pressure or 
cardiac output between the time of cineaortogra- 
phy and surgery which might influence the degree 
of aortic regurgitation. Brawley and Morrow?” 
employed electromagnetic flowmeter measure- 
ments of phasic aortic flow at the time of surgery 
to determine the effect of alterations in heart rate, 
ventricular preload or afterload and catecholamine 
stimulation upon the amount of regurgitation. 
They found that an increase in heart rate which 
could be produced by pacing decreased the systolic 
ejection rate, whereas regurgitant flow rates re- 
mained relatively constant, resulting in constancy 
of the percent regurgitation. Administration of 
isoproterenol produced an increase in forward flow 
and a reduced percent regurgitation, but the per- 
cent regurgitation did not change if the heart rate 
remained constant. Thus, it is not surprising that 
we were unable to define any variable between 
catheterization and surgery which might explain 
the discrepancy observed in some patients between 
the preoperative and operative assessment of aor- 
tic regurgitant flow. 

The second possible reason for the discrepancy 
between the preoperative and operative evaluation 
is that the cineaortographie method might have 
inherent errors. The angiographic interpretation 
might be influenced by the rate of delivery of dye, 
the position of the catheter above the valve, the 
size of the aortic mixing chamber, the size of the 
ventricular mixing chamber and the competence of 
the ventricle in emptying itself of the dye. All of 
these possible variables are compounded by the ob- 
server factor essential in interpretation of this 
visual indicator-dilution technique. Since the cine- 
aortographie grade of aortic regurgitation de- 
pends on the rate and degree of left ventricular 
opacification, mitral insufficiency might influence 
the grade by allowing contrast material to “leak” 
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into the left atrium. If this were true, the mea- 
sured aortic regurgitation at surgery might ex- 
ceed that anticipated from the angiogram. How- 
ever, the 8 patients in our study with mitral in- 
sufficiency did not have a percent of regurgitant 
flow consistently above the mean regurgitant flow 
for their respective grades of aortic regurgitation. 

Clinical implications: Confidence in the preop- 
erative assessment of aortic regurgitation is not 
only important to determine if aortic surgery is 
required but to predict if aortic reflux will com- 
promise the approach for mitral valve surgery un- 
dertaken under cardiopulmonary bypass. When an 
unexpected degree of aortic reflux is present, the 
operative field may be obscured during mitral valve 
surgery, whereas aortic reflux results in a decrease 
in the perfusion pressure to the coronary vessels, 
kidneys and brain.?5/2:2? The understandable con- 


cern of a surgeon eonfronted with a degree of re- 
gurgitation not predicted before operation might 
result in some tendency to exaggerate the unreli- 
ability of the aortographic technique. However, 
the objective quantitation of aortic regurgitation 
which we have obtained with the flowmeter studies 
supports the contention that poor correlation be- 
tween the aortographic prediction and the opera- 
tive findings is not infrequent. A more reliable 
method than supravalvular cineaortography is re- 
quired for the accurate preoperative assessment of 
the hemodynamic severity of aortic regurgitation. 
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The subendocardial lymphatics of the canine right ventricle were 
visualized, and their anatomic relation to the right ventricular con- 
duction system was observed. The lymphatics traversed the main 
right bundle at many levels and intersected with longitudinal lym- 
phatics following the course of the bundle. In addition, lymphatics 
crossed the various peripheral branches of the right bundle. The 
lymphatics anterior to the right bundle tended to be more trans- 
versely oriented, whereas those posterior to the bundle were longi- 
tudinal, extending from the inferior region to the superior portion of 
the septum. 

It is suggested that the lymphatics may play a role in pathologic 
lesions involving the conduction system, either by direct involve- 
ment, or indirectly, by carrying large concentration of potassium from 
remote damaged areas. The effect of the potassium could be mani- 
fested as a conduction defect due to decreased conduction velocity 
(for example, A-V conduction defects with inferior infarction or right 
bundle branch block with anteroseptal infarction) or the development 
of arrhythmias. 


Within recent years there has been increased interest in the nu- 
merous conduction defects observed in clinical electrocardiogra- 
phy.! Experimental studies have demonstrated the location of the 
peripheral conduction system by gross staining in man and in the 
dog,?-* and the effect of interruption of its various components on 
the electrocardiogram.?^ The electrocardiogram that demon- 
strates a conduction defect may give some insight into localiza- 
tion of disease; however, the appearance of a conduction defect on 
the electrocardiogram does not reveal the nature of the underly- 
ing pathologic process. Indeed, there is a controversy as to 
whether certain conduction defects may be due directly to ar- 
teriosclerosis or to other pathologic causes.* !! With this in mind, 
and an awareness of the possible role of the cardiac lymphatics in 
other pathologic states'^* and experimental conditions," an 
investigation was conducted on the relation of the subendocardial 
lymphatics to the conduction system of the canine heart. 


Methods 


Twelve dogs were used in this study which was confined to the right 
ventricle. Evans blue dye was injected into the subendocardial tissue 
with a no. 30 needle. In 2 dogs, the right ventricle was opened under 
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Figure 1. The large unstained, transversely oriented lym- 
phatic (L) is located in the mid right ventricle anterior to the 
main right bundle (RB) (white band), and inferior to the 
small papillary muscle of the septal leaflets of the tricuspid 


valve. 





Figure 2. Needle injecting dye in the region of the small 
papillary muscle of the septal leaflet of the tricuspid valve. 
Note streaks of lymphatics (L) projecting out of the mass of 
dye. 





bundle (RB) is filled by way of small transverse lymphatics 
after injection in the superior portion of the anterior septum. 





Figure 4. Extrinsic network of lymphatics (L) transversing 
and extending along the main right bundle (RB). 


cardiopulmonary bypass, and several sites around the 
right bundle were injected. One heart was injected 
during inflow occlusion. In the remaining animals the 
heart was removed and washed free of blood, and in- 
jected and studied with use of a Zeiss operating micro- 
scope and camera. At times it was possible to see a 
lymphatic channel which could be cannulated directly 
and injected (Fig. 1). However, in most instances the 
dye had to be injected into the subendocardial tissue 
and, when the lymphatics were entered, blue streaks 
would project out of the mass of injected dye (Fig. 2). 
The conduction system was identified by gross stain- 
ing with Lugol’s solution, and the relation of the lym- 
phatics to the conduction system was observed. 


Results 


The subendocardial lymphatics of the canine 
heart form a vast network of various shapes and 
formations which may change at different sites. 
At times they appear more or less singly in a linear 
fashion; at other times the course is tortuous. The 
lymphatics may have numerous branches inter- 
secting at nearly right angles, or frequently they 
may form a loose reticular fishnet-like arrange- 
ment intersecting at various angles. A given area 
may be dense with closely interlacing lymphatics, 
whereas in other areas lymphatics may be less ob- 
vious. The vessels vary in size, with some of the 
larger trunks actually being visible without stain 
if one leoks closely with the light reflecting at a 
proper angle. A large prominent lymphatic vessel 
(approximately 1 mm in diameter) can occasion- 
ally be seen under the endocardium in the region 
between the pulmonary outflow tract and the mid- 
dle course of the right bundle. This vessel gener- 
ally traverses several millimeters of the anterior 
septal region of the right heart chambers some- 
what perpendicular to the right bundle (Fig. 1). 

There is an anatomic relation between the sub- 
endocardial lymphatics and the main right bundle 
(Fig. 3 to 5). Numerous lymphatics traverse the 
anterior surface of the right septum and eross the 





Figure 5. Transverse lymphatic (L) crosses the main right 
bundle (RB) and becomes superiorly oriented. 


right bundle at approximately right angles. They 
are seen in the middle portion of the right bundle 
as well as the superior portion near the tricuspid 
valve and the inferior portion near the base of the 
anterior papillary muscle. The most striking fea- 
ture of the relation between the lymphaties and 
the right bundle is the presence of a generally 
single longitudinal lymphatic pathway running 
parallel to the right bundle (Fig. 3 to 5). This 
channel hugs the right bundle and communicates 
with the numerous lymphaties that cross the bun- 
dle. 

Other, generally smaller lymphatic vessels cross 
the anterior (Fig. 6) and posterior branches (Fig. 
7) of the right ventricular conduction system. 
There are also lymphatics crossing the lateral con- 
duction network covering the right mural wall. 
The lymphatics that come in contact with the vari- 
ous branches of the conduction system beyond the 
main right bundle tend to be more sparse and have 
no specific angular relation to the conduction fi- 
bers. 

The lymphatics posterior to the right bundle are 
longitudinally oriented and may extend from the 
inferior regions of the heart all the way up to the 
tricuspid valve (Fig. 8 and 9). On the other hand, 
lymphaties anterior to the right bundle are more 
transversely oriented, although shorter more or 
less longitudinal vessels may be seen. 

The lymphatics on the papillary muscles were 
apparent as fine channels near the insertions of 
the chordae tendineae or on the muscle surface 
(Fig. 10). Lymphaties could be seen near the base 
of the small papillary muscle arising from the re- 
gion near the pulmonary conus as well. 


Discussion 


The lymphaties are fine thin-walled delicate 
struetures which are frequently obscured in the 
postmortem state and are generally very difficult 
to observe. However, informative studies can be 
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Figure 6. Lymphatic (L) oriented in a semicircular shape 
amidst the anterior branches of the peripheral right ven- 
tricular conduction system. 





Figure 7. Lymphatics (L) crossing some of the peripheral 
conduction fibers (PCF) of the posterior branches of the right 
ventricular conduction system. Because of the anatomic re- 
lationship to some of the posterior branches, it is possible 
that high potassium concentration from remote tissue dam- 
age might cause slower conduction velocities in these fibers 
thereby enhancing the development of reentry. 





Figure 8. Lymphatic channel (L) extending from the in- 
ferior regions of the septum to the septal leaflet of the tri- 
cuspid valve. 





Figure 9. Close-up of the lymphatics (L) extending su- 
periorly from the inferior septal region. It is theorized that 
such lymphatics could carry high concentrations of sub- 
stances (for example, potassium) from the site of an in- 
ferior infarction superiorly to the regions of the A-V conduc- 
tion system and cause various A-V conduction defects. 


made with the use of special dyes or techniques.18 
Patek’ described the anatomy of the cardiac 
lymphatics and demonstrated that the subendo- 
cardial lymphatics connect to a myocardial and 
subsequently to an epicardial plexus leaving the 
heart by several main drainage trunks. He noted 
that valves were uncommon in subendocardial 
plexus. 

These studies demonstrate a well defined system 
of lymphatic vessels beneath the endocardial sur- 
face of the right ventricle brought forth by injec- 
tion of Evans blue dye. The lymphatic vessels ex- 
ist in various anatomic arrangements (Fig. 11). 
In general, the lymphatics in the anterior septal 





Figure 11. Composite diagram illustrating the relationship 
of the canine endocardial lymphatics to the right ventricular 
conduction system. Note the transverse and longitudinal 
lymphatics of the right bundle (RB) and the lymphatics 
crossing some of the peripheral conduction fibers. Lym- 
phatics anterior to the bundle appear somewhat more trans- 
versely oriented than the longer longitudinal branches 
posterior to the bundle. 





Figure 10. Fine lymphatic channels longitudinally oriented 
on the posterior septum. 


area seem to appear more transversely oriented, 
whereas lymphatics in the posterior septum appear 
longitudinal. In regard to the conduction system 
per se, lymphatics not only traverse the main bun- 
dle, but form a longitudinal pathway along the 
course of the right bundle. The anterior, lateral 
and posterior branches of the right bundle are also 
traversed by lymphatics; however, the density of 
lymphatics seems to be greater in the region of the 
main right bundle than in the region of the periph- 
eral eonduction tissue. Certain lymphatic vessels 
may at times appear relatively large, in particu- 
lar, the centrally located lymphatic just anterior to 
the mid-portion of the main right bundle. 

The subendocardial lymphatics are part of an 
extensive transport system capable of returning 
interstitial materials to the vascular system. Ac- 
cordingly, if these fine thin-walled transport ves- 
sels could become involved with the pathologic 
process, it is conceivable that adjacent structures 
might also be affected. For example, inflammation 
of the perilymphatic structures might lead to sub- 
sequent fibrosis and interruption of normal func- 
tion (delayed or decremental conduction and 
block). 

. There are specific pathologie entities relating to 
the conduction system such as sclerosis of the car- 
diac skeleton described by Lev!*? and degenerative 
changes of the conduction system per se described 
by Yater et al.8 and Lenegre. The question is 
raised whether these entities as well as myopa- 
thies, in part, have their effects on the conduction 
system mediated by the lymphatics of the heart. ( 

Possible role of lymphatics in conduction dis- 
turbances: Cardiac lymph reflects myocardial po- 
tassium changes.” Accordingly, one might antici- 
pate that lymphatics draining areas of tissue dam- 
age might carry away waste products such as 
large concentrations of potassium from injured 
cells. Such relatively high levels of potassium 
might in turn equilibrate across the lymphatic 
wall to the immediate environment of the conduc- 
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tion tissue; possibly they would alter conduction 
velocity, producing transient slowing or block 
such as is frequently observed in certain myocar- 
dial infarctions. Hence, the appearance of inter- 
mittent conduction defects might be due to tissue 
damage in a remote area linked to the conduction 
system by the lymphatic system as well as to direct 
damage by the pathologic process to the conduction 
tissue. 

The appearance of various degrees of atrioven- 
tricular (A-V) block is a frequent transient phe- 
nomenon associated with inferior myocardial in- 
farctions. The block is generally thought to be due 
to occlusive disease in the right coronary artery. 
However, the block frequently occurs several days 
after the onset of the inferior infarction, and the 
terminal branches of the right coronary artery 
supplying the inferior myocardium are remote 
from the branches supplying the A-V node. The 
anatomic study in this paper demonstrates a 
lymphatic network in the inferior portion of the 
right heart chambers which drains superiorly to 
the region of the A-V node (Fig. 8 and 9). Accord- 
ingly, it is conceivable that inferior tissue dam- 
age would liberate, over a period of time, vast 
stores of intracellular potassium which would be 
transported by way of these lymphatics to the re- 
gion of the A-V node. In so doing, the equilibra- 
tion of potassium through the lymphaties could 
alter the extracellular environment of the A-V 
junction and slow conduction velocity, resulting in 
a gradual rather than immediate appearance and 
disappearance of A-V conduction delay after an 
inferior infarction. 
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In a similar manner, dzmage to the tissue of the 
anterior septum would result in lymph flows to- 
ward the right bundle, possibly causing transient 
complete right bundle branch block. Various pe- 
ripheral branches of the right ventricular conduc- 
tion system might also become involved depending 
on the location of the myecardial damage. 


Possible role of lymphatics in arrhythmias: 
The same conditions might be applicable to the de- 
velopment of reentry wherein lymphatics carrying 
high potassium concentrations from remote dam- 
aged areas bring normal myocardium or some 
strands of Purkinje fibers in contact with a high 
potassium environment™ thereby delaying the 
passage of the wave front at a given area. If the 
involved area has unidirectional block characteris- 
tics, and the delayed wave front finds it possible to 
emerge and activate adjacent myocardium which 
is no longer refractory, ectopic beats will be set up 
by means of a reentry mechanism. 

The effect of local increases in potassium, as de- 
termined by the lymphatic pathways, could also 
bring the resting membrane potential of a given 
area closer to the threshald of excitability, thereby 
setting up ectopic foci. Gn the other hand, delays 
in conduction velocity of tissue may play a role in 
the development of exit end protection blocks. 

Thus, the recognition cf an anatomic relation of 
the lymph system to the conduction fibers might 
provide some insight imto both permanent and 
transient block patterns and possibly the induction 
of some arrhythmias seen in clinical electrocardi- 
ography. 
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This preliminary study demonstrates that the conduction velocity in 
the venae cavae and the stimulation threshold and refractory period 
of the venae cavae, azygos and pulmonary veins in dogs were very 
similar to those found in atrial muscle. It is quite likely that atrial 
muscle extends for a distance into these veins and that the muscle 
receives vagal innervation. Superior vena caval pacing was per- 
formed in 1 patient. 


The following preliminary study was designed to investigate some 
of the electrical properties of the venae cavae, azygos and pul- 
monary veins in dogs. In addition, superior vena caval pacing was 
performed in 1 patient. 


Methods 


Five mongrel dogs weighing between 14 and 20 kg were anesthetized 
with pentobarbital sodium (30 mg/kg body weight). Under artificial 
ventilation, the chest was opened in the midline. The pericardium was 
incised and used to cradle the heart. The superior and inferior venae 
cavae were dissected free from reflected pericardium and connective tis- 
sue for a distance of 3 to 4 cm. Similarly, small portions of a pulmonary 
vein and the azygos vein were exposed. Bipolar recording electrodes 
were placed at the angle formed by the superior vena cava and right 
atrial appendage (SVC-RA junction) and the inferior vena cava and 
body of the right atrium (IVC-RA junction). All distances were mea- 
sured directly superiorly or inferiorly with respect to these electrodes 
along the ventral plane of the venae cavae. Bipolar recording and stimu- 
lating electrodes were placed on the right atrium and a recording elec- 
trode on the right ventricle. The stimulating electrode was always held 
perpendicular to the wall of the tested structure; the 2 electrodes of the 
bipolar stimulating pair were 2 mm apart. The right and left vagus 
nerves were isolated in the neck and cut, and their distal ends were 
stimulated with a Grass stimulator. With the use of a small bipolar 
pronged electrode, we explored the stimulation threshold, refractory 
period and conduction velocity in the venae cavae, and measured the 
stimulation threshold and refractory period of the azygos and pul- 
monary veins. Since pulmonary venous and azygos attachments to the 
atria were small and frequently difficult to isolate, we made no attempt 
to map these structures or to measure conduction velocity in them. 
Stimuli of 2 msec duration were delivered by a Tektronix pulse genera- 
tor, triggered by a digitally controlled interval generator at an intensity 
1.5 times that of the stimulation threshold. The minimal voltage applied 
to the tested vein, which initiated a propagated atrial response, estab- 
lished the stimulation threshold. During all testing we carefully avoided 
stimulation of contiguous structures. In 1 dog and 1 patient, a bipolar 
pacing catheter was introduced into the vena cava and pacing was in- 
stituted. 

In the open chest animal, surface structures exposed to room air 
tend to dry and cool. Periodic bathing of the veins and heart with a 
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Figure 1. Superior and inferior vena caval pacing. A, su- 


perior vena caval pacing 20 mm above the SVC-RA junction; 
B, inferior vena caval pacing 5 mm below the IVC-RA junc- 
tion. The arrow indicates cessation of pacing, followed by 
the escaping sinus rhythm. Stimuli are recorded past the 
arrow in A, although the superior vena cava is not being 
paced. ECG = lead II of electrocardiogram; IVC-RA = elec- 
trogram at inferior vena caval-right atrial junction; RA = 
right atrial electrogram; RV — right ventricular electrogram; 
ST = stimulus artefact; SVC-RA = electrogram at superior 
vena caval-right atrial junction. Paper speed 100 mm/sec. 
Basic cycle length 230 msec. 


sodium chloride solution at room temperature prevents 
drying but does not prevent cooling below 37C. This 
factor may spuriously reduce the calculated conduction 
velocity to some degree. The latter was determined by 
dividing the distance measured along a straight line 
between stimulus applied to the vena cava and response 
recorded at the caval-atrial junction. The resulting 
figures were then averaged. 

The SVC-RA junction on the ventral surface of the 
dog is fairly easy to establish grossly, but it is much 
more difficult to determine the point at which the in- 
ferior vena cava joins the right atrium. Straying lat- 
erally posterior to the sulcus terminalis encounters the 
venous portion of the right atrium. Because of this, 
and the fact that atrial muscle appears to extend for a 
much shorter distance into the inferior vena cava, data 
obtained from stimulating the latter structure must be 
interpreted cautiously. | 


Results 


Mapping: Propagated responses to the atrium 
could be initiated by stimulation of the superior 
vena cava up to, on the average, 32 mm above the 
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Figure 2. Graph demonstrating the relation between pacing 
threshold plotted on the ordinate and distance above the 
SVC-RA junction (A), or below the IVC-RA junction (B) 
plotted along the abcissa. 


SVC-RA junction in 4 dogs (Fig. 1A). Because of 
mechanical difficulties in 1 dog, the exploring elec- 
trode could not be moved any further than 22 mm 
while still maintaining the desired testing plane. 
Similarly, propagated responses to the atrium 
could be initiated by stimulating the inferior vena 
cava up to, on the average, 14 mm below the 
IVC-RA junction (Fig. 1B). During the course of 
a separate dog study, we were able to stimulate a 
persistent left superior vena cava for a distance of 
22 mm distal to its junction with the right atrium. 

Conduction velocity: The average conduction 
velocity in the superior vena cava determined for 
4 dogs was between 0.6 and 0.7 m/sec. For the in- 
ferior vena cava, the average conduction velocity 
in 3 dogs was between 0.4 and 0.55 m/sec. The 
stimulus strength used to measure conduction ve- 
locity was 1.5 times the stimulus threshold at the 
area tested. 

Stimulation threshold: The stimulation thresh- 
old of the superior and inferior venae cavae for all 
experiments is displayed in Figure 2. The lowest 
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Figure 3. Precipitation of atrial fibrillation by premature 
left inferior pulmonary vein stimulation. A premature stim- 
ulus delivered at a coupling interval of 100 msec initiates 
a run of premature atrial beats (A) and produces sustained 
atrial fibrillation during vagal stimuletion (B). Vagal stimu- 
lation distorts the inscription of the electrocardiogram in B 
and blocks a number of atrial impulses from reaching the 
ventricles. Basic cycle length 300 msec. Paper speed 100 
mm /sec. Abbreviations as in Figure 1. 
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values measured were quite comparable to those of 
the right and left atria in each experiment. High 
values obtained at greater distances away from the 
atria may reflect thinning out of cardiac muscle as 
it terminates and becomes replaced by connective 
tissue. Precisely accurate stimulation thresholds 
were difficult to obtain because cardiac movement 
under the hand-held probe frequently changed the 
electrode contact. In addition, lateral retraction of 
the heart to expose the inferior vena cava amplified 
this problem. Generally, the stimulating probe was 
held so that a line drawn between the 2 poles was 
parallel to the border formed by the atrium and 
the vein. 

The average stimulation threshold for the azy- 
gos vein in five experiments was 3.0 v, obtained at 
a distance of 5 to 10 mm from its junction with 
the right atrium. For the pulmonary vein (gener- 
ally the left superior) the average stimulation 
threshold was 2.6 v. 

Refractory period: The refractory period of the 
superior vena cava, established in 4 dogs by deter- 
mining the shortest interval between 2 caval stim- 
uli which produced a right atrial response, com- 
pared closely with the right atrial refractory pe- 
riod at the same cycle length. Immediately after 
instituting vagal stimulation, the refractory pe- 
riods of both structures shortened by a similar 
amount. The refractory periods of the inferior 
vena cava in 2 dogs and of azygos and pulmonary 
veins in 1 dog were only slightly longer than com- 


parable superior vena caval or right atrial refrac- 
tory periods; vagal stimulation similarly promptly 
shortened the refractory periods of these struc- 
tures. These observations strongly suggest vagal 
innervation of the cardiac muscle which extends 
into the tested venous structures. On at least 1 oc- 
casion during testing, premature stimulation of 
either the venae cavae, the azygos or pulmonary 
veins initiated atrial fibrillation (Fig. 3). Once be- 
gun, atrial fibrillatory impulses also could be re- 
corded in the vena caval and azygos veins (Fig. 4). 


Patient Study 


A 56 year old white man with coronary artery 
disease had undergone coronary surgery in the 
past. During the course of atrial pacing to deter- 
mine the threshold at which chest pain developed, 
the superior vena cava was stimulated at various 
rates up to 120 beats/min with a no. 7 Zucker 
catheter introduced through the right basilic vein. 
More rapid pacing was not attempted. The stimu- 
lation threshold was 1.5 to 2.0 ma, which was simi- 
lar to that obtained for the right atrium. Catheter 
movement precluded consistent pacing at the lower 
amperage, or accurate determination of stimula- 
tion threshold, refractory period or mapping. 
Chest roentgenogram and electrocardiography es- 
tablished the catheter position to be clearly within 
the superior vena cava, not the right atrium (Fig. 
5). Inferior vena caval pacing using 9 ma was not 
successful in this patient, although the transvenous 
catheter method was successful in the dog. A fem- 
oral vein approach might allow better catheter po- 
sitioning to stimulate successfully the inferior 
vena cava in man. 
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Figure 4. Spontaneous atrial fibrillation, recorded from the 
superior vena cava 20 mm above the SVC-RA junction (A) 
and from the IVC, 8 mm below the IVC-RA junction (B). 
Paper speed 100 mm/sec. Abbreviations as in Figure 1. 





Discussion 
Brunton and Fayrer! first reported spontaneous 
beating of pulmonary veins and vena cava in 1876, 
and Lewis et al? described preliminary studies 
measuring conduction velocity along the atrial bor- 
der of the venae cavae in the dog in 1914. 

Ito and co-workers? extensively mapped the 
spread of activation in the venae cavae of in vitro 
rabbit preparations, using intracellular recording 
techniques. Conduction velocity in the superior 
vena cava was 40 to 80 cm/sec. However, they 
demonstrated an area of slower conduction (10 to 
25 em/sec) at the proximal junction of both the 
right and left superior venae cavae with the 
atrium. Action potentials obtained from this area 
showed “slight diastolic slow depolarization” and 
under certain circumstances might initiate ar- 
rhythmias. Further, they noted that the inferior 
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Figure 5. Superior vena caval pacing in a 
patient. In panels A to C, the top 2 tracings 
show lead II and the simultaneous intracavi- 
tary electrogram. The third tracing displays 
lead Il obtained during electrical stimulation 
at that same site. Catheter position is in su- 
perior vena cava (A), SVC-RA junction, (B) 
and mid right atrium (C). Catheter position 
in A can be seen in chest roentgenogram (D). 
Arrows labeled B and C indicate, respectively, 
catheter position for panels B and C. Paper 
speed 50 mm/sec. Pacing stimuli retouched 
for clarity. 


vena cava was electrically silent, except near its 
ostium, and they suggested that different embryo- 
logical origins of the superior and inferior venae 
cavae account for their electrophysiologic differ- 
ences. 

Recently, Spach and Barr* mapped the spread of 
atrial excitation in dogs and noted propagation of 
the wavefront 4 to 5 cm above the SVC-RA junc- 
tion. They found that conduction velocity near this 
junction was 0.5 m/sec but increased to 1.3 m/sec 
in the mid portion of the superior vena cava where 
the wavefront magnitude also increased. Histo- 
logic studies, performed by Jewett? of their group, 
confirmed the presence of cardiac muscle to this 
level. 

Preliminary data in man indicate that the exci- 
tation wavefront does not appear to travel as high 
up the superior vena cava nor to extend to the 
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azygos vein as it does in dogs. In 1 patient with 
tetralogy of Fallot and a persistent left superior 
vena cava, active muscle extended higher in the 
left than in the right superior vena cava, to a point 
just below its junction with the left innominate 
vein.® 

These data are consistent with our preliminary 
findings which demonstrate that stimuli delivered 
to both venae cavae (and in one dog, a persistent 
left superior vena cava), azygos and pulmonary 
veins conduct to the atrium with electrical proper- 
ties very similar to those of the atria themselves. 
Species differences may account for some of the 
discrepancies noted. 

Clinical implication: The presence of cardiac 
muscle extending for some distance into these 
veins may have significant clinical importance. 
Many elinical situations exist for which long-term 


atrial pacing may be indicated. To avoid the need 
for thoracotomy to attach atrial electrodes,’ Kra- 
mer and Moss? inserted the catheter into the coro- 
nary sinus, whereas Kastor et al. utilized the 
atrial appendage. (It is possible that successful 
coronary sinus pacing results, at least in part, 
from coronary sinus vein stimulation as well as 
from stimulation of the posterior atrial wall.) Fu- 
ture catheter electrode development may permit 
fixation of a transvenous pacing catheter in the 
superior vena cava and avoid entering the heart 
itself. Since the conclusion of this study, we have 
been able to perform temporary transvenous su- 
perior vena caval pacing in several patients. 
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This study was undertaken to evaluate the mechanism of the antiar- 
rhythmic effect of magnesium sulfate in digitalis toxicity. The egress 
of potassium from the myocardium after the administration of 1 mg of 
acetyl strophanthidin into the right atrium was determined in 16 dogs 
by measurement of the coronary sinus-femoral artery potassium con- 
centration difference. Three infusions of acetyl strophanthidin were 
given at 214 hour intervals. Twenty-five percent magnesium sulfate 
was given simultaneously with the third infusion. Arterial and coro- 
nary sinus samples were collected at 2 minute intervals after each 
infusion. 

The mean maximal arteriovenous potassium concentration differ- 
ence was 0.47 mEg/liter after the first dose of acetyl strophanthidin 
and 0.80 mEq/liter after the second dose. When magnesium sulfate 
was given with acetyl strophanthidin, the arteriovenous difference was 
not significantly different from that of control subjects (0.15 mEq/ 
liter). A high level of magnesium concentration may overcome the 
acetyl strophanthidin-induced inhibition of transport adenosine tri- 
phosphatase. This may explain the efficacy of magnesium sulfate in 
the treatment of the arrhythmias of digitalis toxicity associated with 
hypomagnesemia. Although magnesium sulfate blocked myocardial 
egress of potassium in all studies, arrhythmias still occurred in 60 
percent of the animals. This suggests that factors independent of po- 
tassium loss from the myocardium underlie the development of some 
digitoxic arrhythmias. 


The antiarrhythmic properties of magnesium sulfate in digitalis- 
induced arrhythmias have been recognized for many years. We 
have recently reported that hypomagnesemia facilitates the devel- 
opment of arrhythmias in digitalis toxicity. In hypomagnesemic 
digitalis toxicity, intravenous administration of magnesium sul- 
fate results in prompt and permanent conversion to sinus rhythm, 
in contrast to its often transient effect in normomagnesemic digi- 
talis toxicity.2 The precise mechanisms underlying the antiar- 
rhythmic properties of magnesium sulfate have not been deter- 
mined. 

Digitalis glycosides inhibit the activity of sodium-potassium- 
dependent membrane adenosine triphosphatase (ATPase), and 
the action of this enzyme is essential for the maintenance of a 
normal intracellular potassium concentration? The loss of myo- 
cardial potassium secondary to inhibition of ATPase is believed to 
be causally related to the generation of arrhythmias in digitalis 
toxicity. Adequate magnesium ion is essential for the normal func- 
tion of membrane ATPase. Not only is magnesium essential for 
ATPase activity but cellular depletion of potassium has been re- 
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TABLE | 


Group l: Potassium Concentrations* 


Coronary Femoral Coronary Sinus- 
Sinus SE Artery SE — Femoral Artery 
Control 
1 3.7 0.14 3.7% 0.12 0 
2 3.8 0.15 3.8 0.14 0 
Magnesium 
sulfate 
2minutes 3.6 0:115 [3.6 — 0.17 0 
4 minutes 3.6 0.18 3.4 0.19 0.2 
6 minutes 3.5 0.18 3.5 0.20 0 
8 minutes 3.5 Di9 23.8) 0.18 0 
12 minutes 3.6 0.19 3.5 0.18 0.1 
20 minutes 3.5 233). AS) OF 0 


* Mean coronary sinus and femoral arterial potassium con- 
centrations (mEq/liter) + 1 SEM and the concentration differ- 
ences after the administration of magnesium sulfate (MgSO,). 
Average of 8 dogs. 


ported with systemic magnesium deficiency,? con- 
gestive heart failure,? myocardial infarction,’ and 
administration of diuretic drugs*? and digitalis.!9 

Observations in our laboratory and in others! 
demonstrated that the intravenous administration 
of magnesium sulfate alone resulted in a rapid de- 
crease in arterial potassium concentration. We at- 
tributed this decrease to a shift of potassium into 
the cells. We therefore postulated that the antiar- 
rhythmic action of magnesium sulfate might be 
due to its ability to increase cellular potassium up- 
take, possibly by enhancing membrane ATPase 
activity. The purpose of this study was (1) to de- 
termine the effect of magnesium sulfate alone on 
myocardial potassium flux; (2) to determine 
whether magnesium sulfate would prevent the 
acetyl strophanthidin-induced myocardial potas- 
sium egress; and (3) to correlate the changes in 
potassium egress from the myocardium with the 
incidence of toxic arrhythmias. 


Methods 


All studies were performed in adult mongrel dogs 
weighing approximately 20 kg. Anesthesia was induced 
by sodium pentobarbital, 25 mg/kg body weight, admin- 
istered intravenously, with additional doses adminis- 
tered as necessary to maintain light anesthesia. The 
dogs were ventilated with 100 percent oxygen through 
a cuffed endotracheal tube with a Harvard respirator 
with a tidal volume and rate adjusted to the dog's 
weight. To facilitate blood sampling, 50 mg of heparin 
was administered intravenously every 3 hours, Femoral 
arterial blood pressure was measured by a Statham 
strain gauge, and monitored on an Electronics for 
Medicine recorder. Serial lead II electrocardiograms 
were taken with a direct writing electrocardiograph. 
The development of atrioventricular dissociation, nodal 
tachycardia or ventricular tachycardia was taken as 
evidence of digitalis toxicity. All blood samples were 
collected in heparinized tubes, centrifuged immediately, 
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Figure 1. Mean coronary sinus and arterial potassium con- 


centrations after administration of 7 ml 25 percent mag- 
nesium sulfate (MgSO,) to 8 dogs. 


and the plasma was separated and frozen. Sodium and 
potassium were determined by flame photometry using 
a Beckman DU photometer, and calcium and magnesium 
by atomic absorption spectroscopy using a Perkin-El- 
mer Model 214. 

Group I: Eight dogs were studied as a closed chest 
preparation. Coronary sinus and right atrial catheters 
were placed under fluoroscopic guidance. In addition to 
the fluoroscopic appearance, the location of the coro- 
nary sinus catheter was verified by determining the 
partial pressure of oxygen simultaneously in several 
coronary sinus and right atrial samples. After 2 con- 
trol samples taken 2 minutes apart, 7 ml of 25 percent 
magnesium sulfate was injected intravenously, and se- 
rial samples were obtained simultaneously from the 
coronary sinus and femoral artery at 2, 4, 6, 8, 12 and 
20 minutes. Blood samples were replaced with equal 
volumes of saline solution. Samples were analyzed for 
potassium, sodium, magnesium and calcium concentra- 
tion as noted. 

Group II: Six dogs were studied as a closed chest 
preparation with catheters placed fluoroscopically in 
the right atrium and coronary sinus. The location of 
the coronary sinus catheter was verified by the deter- 
mination of the partial pressure of oxygen, as in Group 
I. To assure that the effect of acetyl strophanthidin 
could be duplicated on repeated injections, 0.05 mg/kg 
of acetyl strophanthidin in 5 ml of saline solution was 
injected over a 15 second period into the right atrium 3 
times at 215 hour intervals. Seven milliliters of 25 per- 
cent magnesium sulfate was administered intravenously 
simultaneously with the third infusion of acetyl stro- 
phanthidin. After each infusion, samples were obtained 
and analyzed as in Group I. 

Group III: Ten dogs were studied as an open chest 
preparation. An electromagnetic flow probe was placed 
in the left coronary artery as close to its origin as pos- 
sible, and coronary flow was measured using a Carolina 
Medical Electronics flowmeter. A sampling catheter 
was sutured into the coronary sinus. Another eatheter 
was placed in the right atrium by way of the right ex- 
ternal jugular vein. A right femoral arterial catheter 
was inserted to monitor arterial blood pressure. 


Acetyl strophanthidin, 0.05 mg/kg in 5 ml of saline 
solution, was injected into the right atrium. Blood sam- 
ples were then obtained simultaneously from the coro- 
nary sinus and femoral artery at 2, 4, 6, 8, 10, 12, 20 
and 30 minutes. After a 2% hour interval, the same 
dose of acetyl strophanthidin was administered in a 
similar manner simultaneously with 7 ml of 25 percent 
magnesium sulfate. Blood sampling was repeated in the 
same manner. 


Results 


Group I. The administration of magnesium sul- 
fate alone resulted in a prompt drop in arterial po- 
tassium concentration of 0.34 + 0.17 mEq/liter 


TABLE Il 


Group Il: Potassium Concentrations* 











Coronary Femoral Coronary Sinus- 
Sinus SE Artery SE Femoral Artery 
Control 
1 35 0:12 3:6 0.13 0 
2 3. 0.13 3.6 0.14 0.1 
Acetyl 
strophanthidin, 1 
2 minutes 46 0.18 4.2 0.14 0.4 
4 minutes 4.5 0.18 4.3 0.15 0.3 
6 minutes S625 O17. 4:1. 0.12 0.3 
8 minutes Beare: A LU... 0,19 0.1 
12 minutes 4.2 0.18 4.0 0.11 0.2 
20 minutes 28:20,8 39 0:10 —0.1 
30 minutes 3.7 0.18 3.8 0.10 —0.1 
Control 
1 3.9 0.28 3.8 0.19 0.1 
2 Por DASS 0720 0.1 
Acetyl 
strophanthidin, 2 
2 minutes 48 DE. 4.3... 0,24 0.5 
4 minutes 5.1 0.25 4.6 0.22 0.5 
6 minutes B1 B2B +47. 0222 0.4 
8 minutes B. QP wea. 0.25 0.5 
12 minutes 5.0. 0:27 "48° - 0.26 0.2 
20 minutes 4.5 0:340 4;7 0.31 —0.2 
30 minutes 4.4 0.34 4.5 0.37 —0.1 
Control 
1 5.0 0.55 4.8 0.50 0.2 
2 4.9 0.49 4.8 0.20 0.1 
Acetyl 
strophanthidin + 
magnesium sulfate 
2 minutes 5.4 0.36 5.3 0.40 0.1 
4 minutes 5,6 0.52, 5.4 0.33 0.2 
6 minutes 5.3... 0:45 .5.2 0.32 0.1 
8 minutes 5.2 0.45 5.1 0.2 0.1 
12 minutes 48 0.17 4. 0.17 0.1 
20 minutes 4. gau 4:7 °- 0,35 —0.3 
30 minutes 44 0.19 4.4 0.18 0 


Ln 


* Mean coronary sinus and arterial potassium concentration 
+1 SEM (mEq/liter) and the concentration differences after 
serial acetyl strophanthidin infusions at 2!/; hour intervals with 
magnesium sulfate (MgSO,) given simultaneously with the 
third dose of acetyl strophanthidin. Average of 6 dogs. 
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(P <0.01) (Table I, Fig. 1). There was no signifi- 
cant transmyocardial potassium gradient after ad- 
ministration of magnesium sulfate. In addition, 
there were no significant changes in serum sodium 
or calcium concentration. The administration of 
magnesium sulfate usually resulted in a transient 
decrease in mean blood pressure of 20 to 30 mm 
Hg. 

Groups II and III: The administration of acetyl 
strophanthidin was associated with a myocardial 
egress of potassium as determined by a positive 
coronary sinus-femoral artery potassium concen- 
tration difference (Tables II and III, Fig. 2 and 3). 
The 15 acetyl strophanthidin infusions in Groups 
II and III were pooled for analysis. The mean of 
the maximal differences in coronary sinus-femoral 
artery potassium concentration which occurred be- 
tween 2 and 8 minutes after the first administra- 
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Figure 2. Mean potassium concentration in coronary sinus 
and arterial blood after serial infusions, 215 hours apart, of 
1.0 mg of acetyl strophanthidin with 7 ml of 25 percent mag- 
nesium sulfate given with the third acetylstrophanthidin dose. 
Broken line — arterial blood level; solid line — coronary sinus 
level. 
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Figure 3. Transmyocardial potassium gradient (coronary 

sinus-arterial) after acetyl strophanthidin alone, acetyl 

strophanthidin and magnesium sulfate (MgSO,), and mag- 

nesium sulfate alone. 
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TABLE IH 


Group III: Potassium Concentrations* 

UP LPS sn de Dos BOE E B né cos RENI 
Coronary Femoral Coronary Sinus- 
Sinus SE Artery SE Femoral Artery 

——P QUOS UP Ir ME X2 COPS e V t Lue ac d Lo 

Control 


1 3.7 0.00 3.7 0.08 0 
2 Sh S16" 3.6 0.14 0.1 
Acetyl 
strophanthidin 
2 minutes Er 0132.43 02 0.4 
4 minutes REICH 44 0.9 0.3 
6 minutes 4.5 DEM Ul 0.1 0.4 
8 minutes 4.2 0.12 4:1 0.13 0.1 
10 minutes 4.1 0.10 4.0 0.13 0.1 
12 minutes 4.1 0.11--4.0' 0.12 0.1 
15 minutes 4.0 0.10 4.0 0.14 0 
20 minutes 4.0 0.09 3.9 0.10 0.1 
30 minutes 4.0 0.14 4.0 0.17 0.1 


TARO ur I VEE Foe SS o Mai ron RO eee, Gals dd RENE 
Control 


1 3.6 0.26 3,8 0.28 0 
2 a 0.80. 318 —0.29 0 
Acetyl 
strophanthidin + 
magnesium sulfate 
2 minutes 435. -0.5. . 4.5. 0.17 0 
4 minutes 4.6 0.11 4.5 0.16 0.1 
6 minutes 4,5 0:19 4.5 0.11 0 
8 minutes &3- 0,4. 4.5 0.16 —0.2 
10 minutes 4.2 0.16 4.4 0.14 —0.2 
12 minutes kF 3019 - 173. 0,18 —0.2 
15 minutes nek? 018 22>) 0.13 —0.1 
20 minutes 4.2 0.16 4.2 0.18 0 
30 minutes 4.3 0.25 4.3 0.28 0 


———— A M e ete i A eA lr 

* Mean coranary sinus and arterial potassium concentrations 
(mEq/liter) and the concentration differences after administra- 
tion of acetyl strophanthidin alone and after administration of 
acetyl strophanthidin plus magnesium sulfate (MgSO,). Average 
+ SEM for 10 dogs. 


tion of acetyl strophanthidin was 0.47 + 0.22 
mEq/liter (sp) (Fig. 4). 

In Group II, the second dose of acetyl strophan- 
thidin was associated with a significantly greater 
potassium egress than the first dose (Fig. 2 and 3). 
The mean of the maximal differences in potassium 
concentration which occurred from 2 to 8 minutes 
after acetyl strophanthidin was 0.80 + 0.35 mEq/ 
liter (SD) (Fig. 4). Statistical analysis confirmed 
that the means of the maximal coronary sinus- 
femoral artery potassium differences after admin- 
istration of acetyl strophanthidin alone in Groups 
II and III were different from the control differ- 
ences (P <0.05) and from zero (P <0.05). 

In Groups II and III, when acetyl strophanthi- 
din was given simultaneously with magnesium sul- 
fate, there was no significant egress of myocardial 
potassium. The mean of the maximal coronary 
sinus-femoral artery potassium differences was 
0.15 + 0.24 mEq/liter (SD), which was not statis- 
tically different from the control differences (Fig. 


m m 


4). The time at which the maximal differences oc- 
curred varied, but was most commonly observed 2 
to 4 minutes after the injection of acetyl strophan- 
thidin (Tables II and III, Fig. 2 and 3). 

Coronary flow had no relation to the maximal 
potassium gradient. Flow increased transiently 
after the administration of magnesium sulfate but 
returned to control levels within 2 minutes. Coro- 
nary flow, as might be expected, occasionally de- 
creased during arrhythmias but had no consistent 
relation to the potassium flux. Blood pressure usu- 
ally increased transiently after the administration 
of acetyl strophanthidin. There were no consistent 
changes in sodium or calcium induced by the ad- 
ministration of acetyl strophanthidin alone or in 
combination with magnesium sulfate. 


Discussion 


This study confirms the observation that digi- 
talis glycosides cause an egress of potassium from 
the myocardium.'?-* Egress is perhaps a mis- 
nomer in that egress of potassium from the myo- 
cardium which occurs during systole is only 
slightly augmented by cardiac glycosides, but the 
expected reentry of potassium during cardiac re- 
polarization is markedly impeded.'* Acetyl stro- 
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Figure 4. Mean of the maximal differences (+SD) in po- 
tassium concentration (coronary sinus-arterial) during con- 
trol periods, after administration of magnesium sulfate 
(MgSO.) alone, first dose of acetyl strophanthidin (AcS), 
second dose of acetyl strophanthidin and acetyl strophan- 
thidin plus magnesium sulfate. 


phanthidin inhibits the activity of the sodium- 
potassium-dependent membrane ATPase which is 
responsible for the transmembrane concentration 
gradients of sodium and potassium.** The inhibi- 
tion of this ATPase impedes the active “pumping” 
of potassium back into the cell against the concen- 
tration gradient. 

Hypokalemia sensitizes the myocardium to the 
toxic effects of digitalis.|9!? Studies have often 
focused on the easily measured level of potassium 
in the serum, although it is recognized that cellular 
depletion may exist in the face of normal or even 
high serum levels.!* The administration of potas- 
sium salts has been shown to be effective therapy 
for the arrhythmias of digitalis toxicity. Glynn‘ 
has suggested that increased extracellular concen- 
tration of potassium may counteract the digitalis- 
induced inhibition of membrane ATPase. How- 
ever, in the presence of normal serum potassium 
levels, the administration of potassium salts may 
not be helpful and, on occasion, may be harmful.?^?* 
Congestive heart failure,? myocardial infarction,‘ 
myocardial ischemia, hypomagnesemia, diuretic 
drugs,® and the administration of digitalis prepa- 
rations” have all been reported to lead to a loss of 
myocardial potassium. 

Digitalis-induced arrhythmias and loss of myo- 
cardial potassium: Many investigators have sug- 
gested an etiologic relation between the loss of 
myocardial potassium induced by digitalis and the 
development of digitoxic arrhythmias ; others have 
not concurred. Grupp and Charles!” showed that 
digitalis-induced arrhythmias occurred before the 
myocardium had lost a significant quantity of po- 
tassium. They also observed that sinus rhythm re- 
turned when myocardial potassium deficit was 
maximal. This led them to suggest that the devel- 
opment of arrhythmias was dependent on transient 
potassium gradients which developed across the 
cell membrane. Regan et al? demonstrated that 
with ventricular ischemia or administration of 
acetyl strophanthidin, myocardial potassium loss 
preceded the development of arrhythmias. They 
also showed that infusion of potassium chloride 
into the coronary artery, which rapidly inereased 
extracellular potassium concentrations, produced 
the same type of arrhythmias. Pretreatment with 
procainamide or glucose and insulin blocked the 
development of arrhythmias and the loss of potas- 
sium from the myocardium. Some investigators? 
have shown that quinidine reduces the loss of myo- 
cardial potassium; others? have demonstrated 
that, despite its antiarrhythmic effect, quinidine 
potentiates the digitalis-induced myocardial potas- 
sium egress. Other investigators't found that pre- 
treatment with reserpine was effective in blocking 
digitalis-induced arrhythmias but not the myocar- 
dial potassium loss. One of the most impressive 
studies suggesting that there is a causal relation 
between the loss of myocardial potassium and the 
development of arrhythmias was presented by Hel- 
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fant et al. They demonstrated that digitalis-in- 
duced arrhythmias are associated with myocar- 
dial potassium egress and that treatment of digi- 
toxic arrhythmias with diphenylhydantoin leads to 
correction of arrhythmias and prompt reversal of 
potassium egress. 

In our studies, although myocardial potassium 
egress usually occurred after the administration 
of acetyl strophanthidin alone, egress was not al- 
ways related to the development of arrhythmias. 
There was no constant relation between myocar- 
dial potassium loss and the development of ar- 
rhythmias. In groups II and III after the first in- 
fusion of acetyl strophanthidin, arrhythmias oc- 
curred in 8 of 15 studies. All arrhythmias but 1 
(7 of 15) were associated with potassium egress. 
Three of the 15 animals had no arrhythmias de- 
spite significant potassium egress. A third (5 of 
15) had no arrhythmias and no statistically sig- 
nificant potassium egress. In all 6 studies in which 
acetyl strophanthidin was administered a second 
time, arrhythmias occurred and potassium egress 
was marked Most importantly, although the co- 
administration of magnesium sulfate blocked po- 
tassium egress in all studies (15 of 15) arrhyth- 
mias still occurred in 9 animals. 

In our studies, although most untreated arrhyth- 
mias were associated with potassium egress, the 
latter did not always precede the development of 
arrhythmias. In addition, magnesium sulfate con- 
sistently blocked the egress of myocardial potas- 
sium in all studies; despite this blockade, arrhyth- 
mias occurred in 60 percent of the animals. The re- 
sults suggest that, in this study, factors other than 
potassium egress were operative in the production 
of the digitalis-induced arrhythmias. 

Serum calcium and magnesium: Changes in 
serum calcium concentration affect myocardial ex- 
citability. Hypercalcemia potentiates the develop- 
ment of digitalis toxicity, whereas hypocalcemia 
inhibits the toxic effects of digitalis preparations.” 
Calcium chelating agents have been recommended 
for the treatment of digitalis toxicity, but their 
therapeutic benefits are usually evanescent." No 
significant changes in serum calcium were ob- 
served during the course of our experiments. It is 
possible that the production of hypermagnesemia 
may have influenced membrane permeability to 
calcium, thus accounting for the observed changes 
in digitalis sensitivity. 

Hypomagnesemia and digitoxic arrhythmias: 
It has been suggested that the early phase of digi- 
talis-induced arrhythmias is related to myocardial 
potassium loss, whereas larger doses of the type 
used in this study (1 mg of acetyl strophanthidin) 
may cause arrhythmias by other mechanisms such 
as calcium release and catecholamine effect. The 
results of our study do not provide definitive infor- 
mation concerning the antiarrhythmic action of 
magnesium sulfate. On the other hand, they dem- 
onstrate that, like other antiarrhythmic agents, 
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such as diphenylhydantoin, glucose and insulin and 
quinidine, magnesium sulfate can block digitalis- 
induced myocardial potassium egress. 

We have previously shown that hypomagne- 
semia facilitates the development of digitoxic ar- 
rhythmias and, in these instances, magnesium sul- 
fate is a particularly effective antiarrhythmic 
agent.? In isolated heart preparations, the addition 
of magnesium antagonizes some of the electro- 
physiologic effects of increased potassium concen- 
tration in the bath fluid.?* Action potential ampli- 
tude, action potential duration, resting potential, 
atrioventricular conduction interval and maximal 
rate of depolarization are all decreased by in- 
creased bath concentrations of potassium. All of 
these abnormalities are magnified by decreasing 
the concentration of magnesium in the bath; con- 
versely, they are corrected by increasing the mag- 
nesium concentration in the bath fluid. 

The egress of myocardial potassium has been at- 
tributed to inhibition of membrane ATPase by 
acetyl strophanthidin. Magnesium is an essential 


metallocoenzyme for this ATPase, and the pres- 
ence of excess magnesium may, to some degree, 
overcome the digitalis-induced blockade of this en- 
zyme. The administration of magnesium sulfate 
alone resulted in a rapid decrease in arterial potas- 
sium concentration, indicating that there was a 
cellular uptake of potassium. However, magnesium 
sulfate alone did not result in an influx of myocar- 
dial potassium. It is therefore suggested that the 
effect of magnesium sulfate is essentially one of 
overcoming the ATPase inhibiticn induced by digi- 
talis. 


Acknowledgment 


We are grateful to Miss Ellen Lippmann and Mr. 
Anselmo Rivera-Gomez for their technical assistance. 
The statistical analysis was performed by the Hahne- 
mann Medical College Computer Center which is sup- 
ported by the Special Resources Branch of the National 
Institutes of Health (Grant FRO 0266). Acetyl stro- 
phanthidin was kindly supplied by Eli Lilly, Indianapo- 
lis, Ind. 


References 


1. Szekely P, Wynne NA: The effects of magnesium on 
cardiac arrhythmias caused by digitalis. Clin Sci 10:241— 
253, 1951 

2. Seller RH, Congiano J, Kim KE, et al: Digitalis toxicity 
and hypomagnesemia. Amer Heart J 79:57—68, 1970 

3. Schwartz A, Allen JC, Harigaya S: Possible involvement 
of cardiac Na*, K*-adenosine triphosphatase in the mech- 
anism of action of cardiac glycosides. J Pharmacol Exp 
Ther 168:31—41, 1969 

4. Glynn IM: The action of cardiac glycosides on ion move- 
ments. Pharmacol Rev 16:381—407, 1964 

5. Whang R, Welt LG: Observations in experimental mag- 
nesium depletion. J Clin Invest 42:305—313, 1963 

6. Calhoun JA, Cullen GE, Clarke G et al: Studies in con- 
gestive heart failure. 6. The effect of overwork and other 
factors on the potassium content of the cardiac muscle. 
J Clin Invest 9:393—403, 1930 

7. Russell RA, Crafoord J, Harris AS: Changes in myo- 
cardial composition after coronary artery ligation. Amer 
J Physiol 200:995-998, 1961 

8. Lown B, Salzberg H, Enselberg CD, et al: Interrelation 
between potassium metabolism and digitalis toxicity in 
heart failure. Proc Soc Exp Biol Med 76:797-801, 
1951 

9. Rodensky PL, Wasserman F: Observations on digitalis 
intoxication. Arch Intern Med 108:171—188, 1961 

10. Calhoun JA, Harrison TR: Studies in congestive heart 
failure. 9. The effect of digitalis on the potassium con- 
tent cf the cardiac muscle of dogs. J Clin Invest 10:139- 
144, 1931 

11. Maxwell GM, Elliott RB, Burnell RH: Effects of hyper- 
magnesemia on general and coronary hemodynamics of 
the deg. Amer J Physiol 208:158-161, 1965 

12. Regan TJ, Talmers FN, Hellems HK: Myocardial transfer 
of sodium and potassium: effect of acetylstrophanthidin 
in normal dogs. J Clin Invest 35:1220—1228, 1956 

13. Helfant RH, Ricciutti MA, Scherlag BJ, et al: Effect of 
diphenylhydantoin sodium on myocardial A-V potassium 
difference. Amer J Physiol 214:880—884, 1968 

14. Boyajy LD, Nash CB: Influence of reserpine on arrhyth- 
mias, ionotropic effects and myocardial potassium bal- 
ance induced by digitalis materials. J Pharmacol Exp 
Ther 148:193—201, 1965 

15. Hajdu S, Leonard E: The cellular basis of cardiac glyco- 


side action. Pharmacol Rev 11:173-—209, 1959 

16. Brown T, Grupp G, Acheson GH: Potassium balance of 
the dog heart: effects of increasing heart rate and of 
pentobarbital and dihydroouabain. J Pharmacol Exp Ther 
129:42—498, 1960 

17. Grupp G, Charles A: Effect of ouabain and 3-acetyl- 
strophanthidin on potassium exchange in the dog heart 
in situ. J Pharmacol Exp Ther 143:356—365, 1964 

18. Lown B, Weller JM, Wyatt N, et al: Effects of alterations 
of body potassium on digitalis toxicity. J Clin Invest 31: 
648, 1952 

19. Lown B, Wittenberg S: Cardioversion and digitalis. 3. 
Effect of change in serum potassium concentration. 
Amer J Cardiol 21:513—517, 1968 

20. Sampson JJ, Alberton EC, Kondo B: The effect on man 
of potassium administration in relation to digitalis gly- 
cosides, with special reference to blood potassium, the 
electrocardiogram, and ectopic beats. Amer Heart J 26: 
164—179, 1943 

21. Zimmerman HB, Gentsch KW, Gale AH: The action of 
potassium on the atrioventricular node in digitalized 
patients. Dis Chest 43:377—381, 1963 

22. Fisch C, Martz BL, Priebe FH: Enhancement of potas- 
sium-induced atrioventricular block by toxic doses of 
digitalis drugs. J Clin Invest 39:1885—1893, 1960 

23. Regan TJ, Harman MA, Lehan PH, et al: Ventricular 
arrhythmias and potassium transfer during myocardial 
ischemia and intervention with procaine amide, insulin, 
or glucose solution. J Clin Invest 46:1657—1668, 1967 

24. Conn HL, Luchi RJ: Some cellular and metabolic con- 
siderations relating to the action of cuinidine as a proto- 
type antiarrhythmic agent. Amer J Med 37:685-699, 
1964 

25. Brown TE, Grupp G, Acheson GH: The effect of quini- 
dine on the potassium balance of the dog heart. J Phar- 
macol Exp Ther 133:84—89, 1961 

26. Toda N, West TC: Modification by sodium and calcium 
of the cardiotoxicity induced by ouabain. J Pharmacol 
Exp Ther 154:239—249, 1966 

27. Surawicz B, MacDonald MG, Kaljot V, et al: Treatment 
of cardiac arrhythmias with salt of ethylenediamine 
tetraacetic acid (EDTA). Amer Heart J 58:493—503, 1959 

28. Watanabe Y: Interaction of potassium and magnesium 
on cardiac electrophysiology. Fed Proc 27:226, 1968 


Methods 





Clinical Studies with a Solid State Fiberoptic Oximeter 


JAMES S. COLE, MD 
WAYNE E. MARTIN, MD 
PETER W. CHEUNG, MS 
CURTIS C. JOHNSON, PhD 


Seattle, Washington 


From the Center for Bioengineering and 
Departments of Anesthesiology, Medicine 
and Electrical Engineering, University of 
Washington, Seattle, Wash. This investi- 
gation was supported by PHS Grant 16000 
from the National Institute of General 
Medical Sciences. Service support was 
provided by the Bioengineering Center, 
PHS Grant 9M16436 from the National In- 
stitute of General Medical Sciences, and 
PHS Grant E07293 from the National 
Heart and Lung Institute. Manuscript re- 
ceived February 17, 1971, accepted April 
26, 1971. 

Address for reprints: James S. Cole, 
MD, G213 Health Sciences Bldg., Uni- 
versity of Washington, Seattle, Wash. 
98105. 


A new fiberoptic catheter oximeter with the capability of continuously 
measuring oxygen saturation and pressure for 72 hours is described. 
The in vitro calibration and the in vivo evaluation of this catheter 
appears to be satisfactory with a high correlation coefficient and a 
standard deviation of less than 2 percent. Problems with catheter 
size, blood clot formation on the catheter and special care to pre- 
vent destruction of the fibers are presented, as well as limitations in 
interpreting information obtained with this new technique. Despite 
these limitations, the data warrant the use of such a continuous read- 
ing instrument in selected critically ill patients. 


Recent reports! have documented decreased oxygen saturation 
in central venous and right atrial blood of critically ill patients. 
It has also been demonstrated that decreased oxygen saturation in 
right atrial blood coincides with decreasing blood pressure and 
other signs of progressive cardiogenic shock. All of these studies 
utilized intermittent sampling of right atrial or central venous 
blood through a central venous catheter and determination of oxy- 
gen saturation by a standard spectrophotometric method. These 
data suggest that a means of continuously monitoring mixed ve- 
nous oxygen saturation might provide a clinically useful technique 
for evaluating acutely ill patients with cardiovascular disease. 
This paper describes a monitoring system suitable for the con- 
tinuous measurement of oxygen saturation for up to 72 hours in 
acutely ill patients, which does not require withdrawal of blood 
samples or heparinization of the patient. 


Methods and Materials 


Description of the Instrument 


Fiberoptic catheter oximeter instruments have been developed and 
used clinically.>-7 The solid state fiberoptic catheter oximeter used in 
this study has been previously described by Johnson et al,® and a dia- 
gram of it is presented in Figure 1. The unit utilizes the spectrophoto- 
metrie method using reflected light from whole blood for determining 
oxygen saturation; its basic principle is summarized in the equation: 


Oxygen saturation — A — Bo 
where A and B are constants dependent on catheter geometry and the 
red blood cell absorption and scattering properties, e; is the intensity of 
reflected infrared light and e, the intensity of reflected red light. 

Three sets of intermeshed fiberoptic bundles are located in the wall 
of a No. 7 French intravascular catheter. Two sets of fiberoptic bundles 
transmit red and infrared light to the tip of the catheter; a third set of 
fibers transmits light reflected from blood at the tip of the catheter back 
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Figure 1. Block diagram of the fiberoptic oximeter instru- 
ment. 


to a photodetector. A pulse generator develops a 200 
Hz square-wave pulse train which triggers the driv- 
ing circuits for the light-emitting diodes. The diodes 
are pulsed alternately, producing 2 separate channels 
of red and infrared wavelengths, respectively. The 
spectral width of the light-emitting diodes is approxi- 
mately 40 nanometers, centered at 685 and 925 nanom- 
eters. The pulse generator also sends synchronous 
pulses to sample and hold circuits so that when the red 
light emitting diode is turned on, a channel to the red 
circuit is opened, and when the infrared light-emitting 
diode is turned on, a channel to the infrared circuit is 
open. Reflected red and infrared light returning from 
the blood is detected, amplified and sent to sample-and- 
hold circuits. The outputs of the sample-and-hold cir- 
cuits are therefore 2 analog voltages corresponding to 
the levels of red and infrared reflectance. The ratio be- 
tween these 2 reflectance levels is proportional to the 
oxygen saturation. A direct conversion to saturation 
can be made by introducing À and B constants which 
are determined from the slope and intercept of the re- 
gression equation correlating the infrared-to-red ratio 
with oxygen saturation. 

Catheters for this study were fabricated from com- 
mercially available radiopaque polyethylene material. A 
no. 4 French catheter was passed through the lumen of 
a no. 7 French catheter. Approximately 100 fiberoptic 
glass strands, diameter 0.002 inch, were placed in the 
wall between the 2 catheters. The distal end of the 
catheters and the fiberglass bundles were firmly sealed 
with epoxy, and the distal tip was smoothly polished. 
There was no protective cage used over the distal tip. 
The proximal lumen of the inner (no. 4 French) cathe- 
ter was connected to a Leur-Lok fitting, and the fiber- 
optie strands were separated into 3 bundles and coupled 
to the light emitting diodes and photodetector. Twenty- 


five fibers transmit light from the infrared diode, 25 
fibers transmit light from the red diode, and 50 fibers 
transmit light reflected from the blood at the distal tip 
of the catheter to a photodetector. 


In Vitro Calibration 


Extensive studies performed previously in this labo- 
ratory have determined the effect of blood pH, hemato- 
crit and temperature on the in vitro calibration of the 
fiberoptic oximeter. Results of these tests reported by 
Johnson et al.5 documented that the calibration of the 
oximeter using the 2 wavelengths method is indepen- 
dent of blood temperature and essentially independent 
of hematocrit variations between 40 and 60 percent. 
Little change was observed in instrument calibration 
until hematocrit dropped below 30 percent. The oxygen 
saturation was found to shift approximately 1 percent 
for each 0.1 pH unit deviation from the normal pH of 
7.4 in blood. On the basis of these results a simpler ex- 
perimental setup than those previously described was 
used for the in vitro calibration of the catheters used 
in this study. As shown in Figure 2, blood is pumped 
through a disc oxygenator where gas exchange oc- 
curs. Tygon tubing carries blood from the oxygenator 
back to the roller pump, and the catheter is inserted 
into a fitting in the Tygon tubing. 

Human red blood cells were used for the in vitro 
calibration experiments. The cells were first diluted 
with Hartman's lactated Ringer's solution to obtain a 
hematocrit of approximately 40 percent. Blood pH was 
maintained at 7.4 throughout each calibration run by 
adding small amounts of sodium bicarbonate or varying 
the percent of carbon dioxide in the total gas mixture 
used to oxygenate or reduce the blood. The reliability 
of this preparation has been previously documented. 
The oxygen saturation was varied by altering the ratio 
of nitrogen and oxygen in the inflow gas while main- 
taining the carbon dioxide at 4 percent in order to mini- 
mize pH changes. Using this system, oxygen saturation 
levels from 1 to 100 percent were obtained. Samples 
were drawn through the central lumen of the fiberoptic 
catheter and correlated with values obtained with the 
fiberoptic oximeter system. Drawn samples were ana- 
lyzed for pH, pO. and pCO, in an Instrument Labora- 
tory blood gas analyzer. The percent oxygen saturation 
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Figure 2. Blood flow system for in vitro calibration. Blood 
is pumped through tubing and past the fiberoptic catheter 
tip by a roller pump. Gas exchange occurs in the disc oxy- 
genator. 
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Figure 3. Correlation between the oxygen saturation deter- 


mined by the fiberoptic oximeter and simultaneously drawn 
samples analyzed by the CO-Oximeter (in vitro results). 


was determined with the Instrument Laboratory 182 
CO-Oximeter. The CO-Oximeter employs the 3 wave- 
lengths method (548, 568 and 578 nanometers) for the 
spectrophotometrie determination of oxyhemoglobin, 
carboxyhemoglobin and total hemoglobin. The reliabil- 
ity of the CO-Oximeter compared with the manometric 
Van Slyke analysis of oxygen saturation has been pre- 
viously documented.?.:9 The CO-Oximeter used in this 
study was compared with ten Van Slyke determinations 
between 65 and 100 percent saturation with an observed 
standard deviation of 1 percent saturation. Therefore, 
it may be concluded that the results of the CO-Oximeter 
are accurate over the physiologic range of hemoglobin 
oxygen saturation. Due to its ease in obtaining percent 
saturation, this technique was used for calibrating the 
fiberoptic oximeter. Nine fiberoptic catheters were 
calibrated in this test system. 


In Vivo Calibration and Evaluation 


Following the in vitro calibration studies, in vivo 
evaluation was carried out in the cardiac catheteriza- 
tion laboratory and the cardiovascular surgery operat- 
ing toom and postoperative intensive care units. The 
fiberoptic catheters were cleaned and sterilized with 
ethylene oxide in the routine manner. Six studies were 
performed in patients undergoing open heart surgery. 
Preoperatively, the catheter was passed from a cutdown 
on the median basilic vein to the superior vena cava. 
The catheter remained in the superior vena cava 
throughout the operative procedure and immediate 
postoperative period, and oxygen saturation was re- 
corded continuously with the fiberoptic catheter. Sam- 
ples were drawn intermittently through the lumen of 
the fiberoptic catheter, and oxygen saturation was de- 
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termined immediately on the CO-Oximeter. This pro- 
vided multiple data points over a wide range of pH and 
hemoglobin, correlating saturation determined by the 
fiberoptic system and the CO-Oximeter. 

Four studies were performed in the cardiac cathe- 
terization laboratory. After routine right heart cathe- 
terization, the fiberoptic catheter was passed from the 
median basilic vein cutdown through the right atrium 
and into the inferior vena cava to the level of the renal 
veins. The catheter was then slowly withdrawn and 
simultaneous measurements were obtained from the 
fiberoptic oximeter and samples drawn through the cen- 
tral lumen. The variation in saturation between inferior 
and superior vena cava provided additional data points 
in the physiologic range of venous oxygen saturation. 

The time of catheter placement varied from 30 min- 
utes in the catheterization laboratory to 72 hours in 
the postoperative intensive care unit. The average time 
of catheter placement was 12 hours. Blood clot forma- 
tion on the distal tip of the catheter was prevented by 
intermittent flushing with dilute heparin solution. 
There was no significant drift in base line or calibra- 
tion with prolonged use. 


Results 


The results of the in vitro calibration experi- 
ments are shown in Figure 3. The correlation be- 
tween oxygen saturation measured with the CO- 
Oximeter and oxygen saturation calculated with 
the fiberoptic catheter was 0.99 for 73 samples over 
a saturation range of 1.6 to 97 percent. The stan- 
dard deviation is 1.52 percent saturation. The in 
vivo evaluation of the fiberoptic catheter is pre- 
sented in Figure 4. The correlation between oxy- 
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Figure 4. Correlation between the oxygen saturation de- 


termined by the fiberoptic oximeter and simultaneously 
drawn samples analyzed by the CO-Oximeter (in vivo results). 
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TABLE | 
Illustrative Case 





Venous Oxygen 
Vilis snis INN Arterial 
Fiberoptic I.L. Hb pO. 
Sample Time Oximeter — Oximeter (g) | (mmHg) 
(Day 1) 


1 10:00 AM 22.0 21.51 13.4 27 

2 10:30 AM 32.0 31.01 13.9 36 

3 10:50 AM 36.5 38.92 13.6 36 

4 11:30 AM 49.8 49.47 T to 

5 11:50 AM 69.6 71.23 13.4 37 

6 12:15 PM 52.2 55.2 13.0 ‘Gis 
Patient on pump at 12:30 PM 


7 1:00 PM 86.0 80.48 8.5 
8 1:30 PM 87.4 85.87 10.2 ar 
9 1:50 PM 83.4 83.76 10.1 535 
10 2:20 PM 86.2 87.45 10.8 bie 
11 2:40 PM 85.3 85.87 11.0 ats 
12 3:05 PM 90.9 93.25 11.7 261 
13 4:00 PM 80.4 77.43 12.0 250 
Patient in intensive care unit 
14 10:00 PM 72.3 74.79 14.1 137 
(Day 2) 
15 10:00 AM 69.4 67.93 a 76 
16 1:45 PM 63.8 61.60 13:4 164 
(Day 3) 
17 9:00 PM 58.2 59.49 12.4 153 
(Day 4) 
18 8:00 AM 50.6 52.11 11.8 56 
Hb = hemeglobin; |.L. = Instrument Laboratory CO-Oximeter. 


gen saturation determined by the CO-Oximeter 
and the fiberoptic catheter is 0.989 for 65 samples 
over an oxygen saturation range from 22 to 96 per- 
cent. The standard deviation is 1.46 percent. The 
hemoglobin ranged from 9.0 to 16.0 g/100 ml, and 
pH from 7.2 to 7.5 in these in vivo studies. Two in 
vivo data points with 5 percent oxygen saturation 
difference from the CO-Oximeter were excluded 
from the above tabulation, due to the fact that the 
hemoglobin value fell below 9 g/100 ml in both 
cases. 


Illustrative case: The following case demonstrates 
the potential usefulness of this monitoring system in a 
31 year old white woman admitted for repair of tetral- 
ogy of Fallot. Past history included Blalock-Taussig 
procedures at the ages of 6 and 9 years. In 1969 pro- 
gressive dyspnea developed as well as other signs of 
congestive failure and syncopal episodes suggestive of 
hypoxia. Arterial hypoxia was so severe that attempts 
at pulmonary function testing in the preoperative pe- 
riod produced a hypoxic convulsion when the patient at- 
tempted to perform a vital capacity test. She was 
brought to the operating room on June 24, 1970 with 
minimal premedication. Anesthesia was induced with 
Diazepam, and a 4N arterial catheter was placed per- 
cutaneously in the dorsalis pedis artery. The fiberoptic 
catheter was inserted in the left median basilic vein 
and passed into the superior vena cava. Initial satura- 
tion in the superior vena cava was 22 percent (Table I). 


At this time the arterial pO, was 27 mm Hg. Anesthesia 
was maintained at this time with methoxyflurane and 
oxygen. Thirty minutes later runs of spike trains ap- 
peared on the electroencephalogram and appeared to be 
the electrical correlate of seizure activity. However, at 
this time the superior vena cava saturation had in- 
creased to 32 percent and arterial pO, to 36 mm Hg. It 
was therefore believed with this evidence of improved 
oxygenation during anesthesia and surgery that the 
electroencephalogram probably did not signal serious 
hypoxia, and the operation was continued with re- 
peated arterial pO, and oxygen saturation determina- 
tions (Table I). The maintenance of a relatively ade- 
quate venous oxygen saturation in spite of a recent 
stormy cardiovascular course was reassuring. In the 
immediate postoperative period, the venous oxygen 
saturation increased to 80 percent (sample 13) and was 
maintained at this level for the next 18 hours. 

On the first postoperative day (day 2) an endotra- 
cheal tube was left in place, and the patient's condi- 
tion remained stable with controlled ventilation. The 
mixed venous saturation during this time ranged from 
64 to 69 percent. Extubation was carried out on the 
second postoperative day (day 3). However, signs of 
systemic hypoxia, marked primarily by various ar- 
rhythmias, were accompanied by a fall in venous oxy- 
gen saturation to 58 percent. After reintubation, venous 
oxygen saturation increased, and the patient's elinical 
condition improved. Extubation was again performed 
on the third postoperative day after an arterial pO, of 
153 had been obtained, and the mixed venous oxygen 
saturation remained stable at approximately 60 percent. 
However, after extubation the arterial pO, decreased to 
56 and the mixed venous saturation decreased to 51 
percent. Both of these values were increased by the ad- 
ministration of 100 percent oxygen by mask, and extu- 
bation was finally tolerated. The fiberoptic catheter was 
removed on the fourth postoperative day. A small de- 
posit of fibrin was noted on the tip of the catheter, but 
the sample drawn through the central lumen and deter- 
mined on the CO-Oximeter was still within 1.5 percent 
of the saturation recorded through the fiberoptic sys- 
tem. The patient's course over the next 2 weeks required 
a tracheostomy and intensive long-term ventilatory 
care, However, she was discharged 3 weeks after opera- 
tion. 


Discussion 
Potential advantages and limitations of 
methods: Although the fiberoptic oximeter de- 


scribed in this report has several unique features, 
potential disadvantages must also be anticipated. A 
practical problem concerns the size of the catheter 
used in this study. A no. 7 French catheter usually 
requires a venous cutdown procedure. In patients 
undergoing cardiopulmonary bypass or diagnostic 
cardiac catheterization, this disadvantage was eas- 
ily justified. However, in patients not undergoing 
major surgery, a venous cutdown may be more 
difficult to justify. A catheter of this size might 
also be expected to produce a relatively high inci- 
dence of sterile thrombophlebitis if left in plaee 
more than 72 hours. However, improved catheter 
design with proper selection of catheter material 


should permit the construction of a no. 5 French 
catheter while still retaining a central lumen suit- 
able for measuring pressure and withdrawing 
samples. A catheter of this size could be introduced 
through a needle or mylar sheath and would also 
cause less trauma to the vascular system. Not re- 
ported in our data but of significance are 2 pa- 
tients in whom the catheter could not be advanced 
to a suitable position. In 1 case this was due to an 
inability to pass the catheter from a median basilic 
vein because of previous cutdowns, and in the sec- 
ond case, inability to pass the catheter beyond the 
axilla. In both cases measurement of superior vena 
cava pressure was made by way of a subclavian 
vein puncture. 

Blood clot formation on the catheter is also a 
potential disadvantage. If the catheter is flushed at 
a regular interval or slowly infused with a dilute 
heparin solution, clotting was not apparent in this 
study. The wide clinical use of central venous 
eatheters without significant clotting problems 
also indicates that with reasonable care, clotting 
ean be avoided. A monitoring system for detecting 
blood clot formation at the tip of the catheter has 
been developed. In vivo studies performed in dogs 
have demonstrated that as a blood clot forms on 
the tip of the catheter, the levels of red and infra- 
red reflected light decrease gradually. At the same 
time the normal fluctuations of the reflected light 
levels due to pulsatile blood flow are reduced. Thus 
the observation of a reduced light level with re- 
duced amplitude fluctuations indicates the forma- 
tion of a clot. 

A third potential complication is the occurrence 
of artifactual readings if the catheter tip impinges 
on the vessel wall. However, this is easily detected 
by unusually high levels of reflected light with loss 
of the normal fluctuations of the reflected levels. 
Normal signals return when the catheter is repo- 
sitioned. 

Damage to the catheter with disruption of the 
fiberoptic bundles is obviously a serious potential 


problem. In 1 case after placement of the cardio- - 


pulmonary bypass cannula for drainage of the su- 
perior vena cava, occlusion of the superior vena 
cava by an externally placed tape produced enough 
pressure on the wall of the fiberoptic catheter to 
break the glass fiberoptic bundles with resultant 
loss of the signal. This was of no clinical threat 
since the outer and inner polyethylene catheters 
held the glass fibers in place, and the catheter was 
retrieved intact. On another occasion, a bend of 
the catheter external to the patient resulted in dis- 
ruption of the fibers and loss of signal. Therefore, 
the catheter, although usable in the routine clini- 
cal situation, does require reasonable care and 
manipulation. Subsequent tests using plastic fiber- 
optics have shown no loss of signal despite signifi- 
cant catheter manipulation. No problems were en- 
countered with the catheter-to-instrument junc- 
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tion and the electronic system remained stable 
throughout the studies. 

Clinical interpretation of data: Caution must 
be used in the clinical interpretation of the data 
provided by this new technique. Venous oxygen 
saturation depends on at least 3 factors: oxygen 
saturation of arterial blood, the cardiac output, 
and the ability of the red blood cells to deliver 
oxygen to peripheral tissues. Thus, a decreased 
venous oxygen saturation may result from arterial 
hypoxia, inadequate cardiac output relative to tis- 
sue needs, or a rightward shift of the oxygen disso- 
ciation curve and increased delivery of oxygen to 
the periphery. 

The location of sampling is also of considerable 
importance. True mixed venous blood can only be 
accurately obtained from the pulmonary artery. 
Differences in oxygen saturation between superior 
and inferior vena caval blood and streaming of 
blood in the right atrium impair quantitative as- 
sessment of this index proximal to the pulmonary 
artery. However, recent evidence indicates that 
changes in oxygen saturation of samples obtained 
from the superior vena cava and right atrium re- 
flect in both direction and magnitude changes simi- 
lar to those obtained in samples from the pulmo- 
nary artery.? This discrepancy between samples 
obtained from the superior vena cava and pulmo- 
nary artery is apparently due to redistribution of 
blood flow in the presence of a low cardiac output 
with a higher percentage of the cardiac output 
perfusing the brain and heart. Thus, the oxygen 
saturation of blood returning from the brain is 
maintained at more nearly normal levels during 
low flow states. Some increased extraction of oxy- 
gen occurs from blood perfusing the arms. The 
mixing of components from the head and arms 
produces a decrease in saturation of blood sampled 
in the superior vena cava but not as great a de- 
crease as in mixed venous samples. It is also con- 
cluded that samples obtained from the right atrium 
would be clearly preferable to samples obtained 
from the superior vena cava in monitoring acutely 
ill patients. _ 

Clinical applications: Although sampling from 
the pulmonary artery would be preferable to right 
atrial or superior vena caval sampling, the contin- 
uous display of oxygen saturation from the right 
atrium or even from the superior vena cava is of 
considerable value. This technique provides rapid 
and reliable information. The 2 most commonly 
encountered causes of decreased venous oxygen 
saturation are decreased cardiac output and ar- 
terial hypoxemia. Both conditions may require 
rapid therapeutic intervention, particularly dur- 
ing the intraoperative period or in the intensive 
care unit. In addition to alerting the clinician to 
these problems, the continuous recording of oxy- 
gen saturation provides an index for following 
the response to therapeutic manipulations such as 
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the administration of oxygen to correct arterial 
hypoxemia or inotropic agents to increase cardiac 
output. Even with the potential complications dis- 
cussed, the information obtained from the con- 
tinuous measurement of central venous oxygen 
saturation is a valuable extension of the ability to 
monitor the overall status of acutely ill patients. 
The fiberoptic catheter described in this paper has 
worked satisfactorily in a limited number of pa- 
tients and is currently being introduced into rou- 


tine clinical practice. However, its ultimate value 
is yet to be determined. 
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A preliminary assessment was made of automated electrocardio- 
graphic signal recording and telephone transmission for recording on 
magnetic tape and subsequent "'off-line"' computer analysis by the 
initial Smith-Hyde program (1968) of the Frank X, Y and Z leads in 
334 healthy persons and 39 cardiac patients obtained from 2 hospital 
populations in Seattle. The Smith-Hyde analytical program provided 
an over-all sensitivity of 76 percent for true positives (abnormal elec- 
trocardiograms) and specificity of 75 percent for true negatives (nor- 
mal electrocardiograms) for predominantly normal case material used 
in this study. Although 25 percent were misclassified, the ratio of cor- 
rect to incorrect classifications was 3.0 for all items, and ranged from 
4.7 to 61.2 for various diagnostic categories. Angular components of 
the quantified normal electrocardiogram showed less variation than 
voltage magnitudes, and bimodal distributions for initial and terminal 
QRS forces (ROR; and RER,) were found only in the frontal plane 
when differences in sex and age were disregarded. There were more 
significant differences in voltage magnitudes of ventricular repolar- 
ization than of either atrial or ventricular depolarization in relation to 
sex and age of healthy persons. 


Before determining to use the Smith-Hyde program*! for digital 
computer analysis of the Frank electrocardiogram, the opera- 
tional performance of the program was investigated. Appropriate 
recording equipment was rented for clinical trial in 2 hospitals, 
and reels of magnetic tape were mailed to a computer center that 
had placed this program in daily operation.’ Clinical reliability 
of computer diagnosis was assessed by comparison of analytical 
reports with clinical interpretation of a 12 lead scalar electrocar- 
diogram. [Visual interpretation of the 12 lead electrocardiogram 
was performed by 2 of us (RAB and SRY) utilizing essentially 
Grant's orientation for electrocardiographic diagnosis.] The nor- 
mal range of variation for many electrocardiographic items was 
determined from satisfactory recordings and analyses of clinically 
normal electrocardiograms obtained from 216 healthy middle- 
aged persons. Results of this study have relevance for electrocar- 
diographic field studies which require “off-line” computer analy- 


* The Smith-Hyde program is a digital computer program for wave recogni- 
tion, rhythm analysis and contour analysis in spatial magnitude (rho), and 3 
planar angles and magnitudes of selected successive vectors in consecutive P, 
QRS, and T complexes of a 10 second sample of modified Frank X, Y and Z 
orthogonal lead signals recorded simultaneously. Representative values for 
similar complexes are combined and reported as averaged values; significant 
deviations of isolated beats are detected and reported. The program was de- 
veloped in FORTRAN for processing on an IBM 1800 data processing system, 
either directly “on-line” or subsequently “‘off-line” as an individual user option. 
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TABLE ! 


Computer Analysis of Electrocardiograms 
t — M A Suter EYL) Ae) NE Se S 
A. Computer Analysis 





Group Health University Both 
Hospital Hospital Hospitals 
Normal 96 140 236 (63%) 
Abnormal 43 94 137 (37%) 
Totals 139 234 373 (38% of 974) 
Percent Normal 69% 60% 63% 


B. Computer Analysis vs. Clinical Interpretation 





Clinical Interpretation 





Abnormal Normal 





Computer analysis and 
classification 
Abnormal 64 true positives 73 false positives 
Normal 20 false negatives 216 true negatives 
Lr e aer LINE SUSU as S HOMER SA oe QC MADRE 
Sensitivity for true positives = 76%. Specificity for true negatives 
= /5%. 
Rates of correct to incorrect classification = 280/93 = 3.0. 
Chi square = 70.47, df = 1, P < 0.0001. 


sis by this program; they also provide a base line 
for evaluation of subsequent improvements in this 
program which was released for study purposes in 
1968. 


Material and Methods 


Clinical electrocardiograms were recorded in 373 per- 
sons aged 15 to 74 years who had been examined by 
physicians at the University Hospital or Group Health 
Hospital in Seattle and who were found to be free 
of cardiovascular or other major disease. Electrocardio- 
grams were also recorded in 39 patients with known 
cardiac disease at the University Hospital. The 12 con- 
ventional leads, plus 3 orthogonal leads of the Frank 
system were recorded, 3 leads at a time, by a pro- 
grammed Marquette electrocardiograph. This was 
equipped with independently buffered preamplifiers for 
each lead; direct-coupling provided a flat frequency re- 
sponse from 0 to 100 Hz. Conventional scalar projec- 
tions were recorded directly on paper, while the same 
signals were transmitted by telephone (with use of a 
private line at Group Health Hospital and a switch- 
board at University Hospital) to a magnetic tape re- 
corder in another part of the city. Reels of 14 inch mag- 
netic tape were sent by air mail to Omaha, Nebraska 
for batched data processing of 10-second samples of 
X, Y and Z leads on an IBM 1800 computer? utilizing 
the Smith-Hyde program released in 1968.! The quality 
of direct telephone transmission from the recorder in 
Seattle to the computer in Omaha revealed no faults in 
systems operation from either recording site. Analyses 
of the following were printed on paper and punched on 
Hollerith cards: noise level, rhythm, heart rate, con- 
duction times, diagnostic statements and matrix of 
spatial magnitudes (“rho”), frontal, sagittal and hori- 
zontal angles and voltage magnitudes of 30 components 

of the P, QRS and T forces. Data in these 2 formats 


were returned by mail to Seattle for comparison with 
clinical interpretations. A “conversational computer 
statistical system"? developed for the IBM 1130 data 
processor was used for statistical analysis of the data, 
excluding analyses of electrocardiographic recordings 
in which background noise level exceeded 33 „v at the 
patient, 

For comparison with computer analysis, paper trac- 
ings and computer reports were classified as negative 
or positive for one or more items. Criteria for evalua- 
tion included the following: 

1. Essentially the same rhythm, allowing for minor 
discrepancies in terminology for variations in supra- 
ventricular rhythms. 

2. Heart rate within 10 beats/min of the rate re- 
corded on the paper tracing. 

3. Occurrence of premature beats of any focus. 

4. Significant differences in atrioventricular or in- 
traventricular conduction of importance to clinical di- 
agnosis. 

5. Similarity of QRS voltage, that is, low, normal or 
high. 

6. QRS deformities consistent with myocardial in- 
farction and significant axis deviation. 

7T. Significant changes in ST-T forces of ventricular 
repolarization, that is, strain, pericarditis, ischemia, 
digitalis effect, and the like. 

When there was agreement in several items but disa- 
greement in one or more other items, classification of 
"false positive" or “false negative" was based upon the 
more significant findings. For example, if there was 
agreement in rhythm, rate, conduction and voltage, fail- 
ure of the computer to identify definite evidence, by 
clinical interpretation of the tracing, of myocardial in- 
farction was designated "false negative." Conversely, 
when the computer interpretation indicated one or more 
premature beats, yet inspection of the same X, Y and Z 
leads used for processing showed no change in mecha- 
nism, it was classified as “false positive.” 

Variations in magnitude of electrocardiographic 
items in 216 healthy persons were expressed as per- 
centage relations of standard deviations to correspond- 
ing means, In the case of angular data, standard devia- 
tions were related to 360° (circumference of a circle) 
to avoid misleading percentages whenever the observed 
means happened to be near zero degrees. In a few in- 
stances data on some electrocardiographic items were 
missing. 


Results 


Reliability of computer analysis: Combining 
data on 2 hospital populations provided 236 cases 
of 373 (63 percent) with normal electrocardio- 
grams, and 137 (87 percent) with a variety of elec- 
trocardiographic abnormalities by computer analy- 
sis (Table I). In all instances the paper tracings 
revealed signals of good quality; the background 
noise level on these tracings was 15.5 + 3.6 uv by 
computer analysis. 

Only 216 of the 236 normal records, as deter- 
mined by computer, were also normal by clinical 
interpretation and, therefore, “true negatives" 
(Table I). Twenty records that were abnormal by 
clinical interpretation represented “false nega- 


tives.” Similarly, only 64 of the 137 computer de- 
termined abnormal records were "true positives." 
and 73 were “false positives" in relation to clini- 
eal interpretation, Representative examples are 
illustrated in Figures 1 and 2. Thus, the sensi- 
tivity for true positives was 76 percent, and the 
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PATIENT NUMBER 19594 TIME OF COLLECTION 19.063 DATE 7/29/1969 
NOISE = 12 MILLIVOLTS 


PR DUR = 218, R DUR = 96, RT DUR = 382, P DUR = 92 MILLISECONDS 


0751 ABNORMAL ELECTROCARDIOGRAM 
0002 NORMAL SINUS RHYTHM, RATE 74 
0746 FIRST DEGREE A-V CONDUCTION DELAY 
0722 UNUSUAL VENTRICULAR DEPOLARIZATION, 
POSSIBLY FROM ANTERIOR INFARCT TP 


Figure 1. Example of a “true positive" computer report of 
an electrocardiogram exhibiting a conduction defect and 
anteroseptal myocardial infarction. Note that in Figures 1 to 
4 noise level reported at “12 millivolts” at the computer 
represents 12 uv at the patient. 
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PATIENT NUMBER 19066 TIME OF COLLECTION 16.158 DATE 3/10/1969 
NOISE = 22 MILLIVOLTS 


PR DURe 165, R DUR= 90, RT DUR= 397, P DUR* 121 MILLISECONDS 
0750 NORMAL ELECTROCARDIOGRAM 
0040 ATRIAL FLUTTER AT RATE 184, VENTRICULAR RATE 82 


0052 WITH SUPRAVENTRICULAR PREMATURE COMPLEX 
0050 WITH A VENTRICULAR PREMATURE COMPLEX FP 


Figure 3. Example of a “false positive" computer report of 
an electrocardiogram exhibiting normal sinus rhythm and a 
supraventricular (probably atrial) premature beat (leads V. 
to V.) but neither atrial flutter nor a ventricular premature 
beat. 





COMPUTER ANALYSIS OF FRANK ELECTROCARDIOGRAM 


specificity for true negatives was 75 percent. Con- 
comitantly 93, or 25 percent, were misclassified by 
computer analysis. The ratio of correct to incorrect 
was 70.47 (df = 1, P <0.0001). In 16 random in- 
stances the computer analysis was repeated imme- 
diately after the initial analysis with no change in 
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PATIENT NUMBER 19130 TIME OF COLLECTION 19.214 DATE 3/26/1969 
NOISE = 18 MILLIVOLTS 


PR DUR= 121, R DUR= 96, RT DUR= 383, P DUR= 97 MILLISECONDS 


0750 NORMAL ELECTROCARDIOGRAM 
0002 NORMAL SINUS RHYTHM, RATE 72 TN 


Figure 2. Example of a “true negative" computer report of 
a normal electrocardiogram. 
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PATIENT NUMBER 19808 TIME OF COLLECTION 18.920 DATE 5/23/1969 
NOISE = 12 MILLIVOLTS 


PR DUR= 178, R DUR- 88, RT DUR- 391, P DUR= 115 MILLISECONDS 

0750 NORMAL ELECTROCARDIOGRAM 

0002 NORMAL SINUS RHYTHM, RATE 80 

PATIENT NUMBER 19808 TIME OF COLLECTION 19.153 DATE 5/26/1969 
NOISE = 14 MILLIVOLTS 

PR DUR- 179, R DUR- 85, RT DUR= 386, P DUR= 116 MILLISECONDS 

0752 BORDERLINE ELECTROCARDIOGRAM 

0002 NORMAL SINUS RHYTHM, RATE 80 


0728 UNUSUAL EARLY DEPOLARIZATION, 
SUGGESTING LOSS OF INFERIOR FORCES FN 


Figure 4. Example of a ''false negative" computer report of ' 


an electrocardiogram exhibiting (clinically) changes consist- 
ent with old anteroseptal infarction, but reported as ‘‘normal’”’ 
initially, and “borderline normal with usual early depolariza- 
tion suggesting loss of inferior forces” when the analysis was 
immediately repeated. 
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TABLE N^ | 
Comparison of Computer Analysis with Clinical Interpretation of Normal versus 6 Categories of Abnormal Electrocardiographic 
: Items in 344 Individuals from 2 Hospital Populations in Seattle 


a> 
E s 
f + 


xe Arrhythmias 
NE GS Entirely (Premature 
Normal Beats, Rate 
ECG Disparity) 


Voltage 
Abnormalities Axis 
(Low or Deviations 
Increased) (RAD or LAD) 


Myocardial 
infarctions 
(Anterior or 
Inferior) 


Conduction 
Disorders 
(A-V or l-V) 


Repolarization 
Abnormalities 
(S-T, T, Q-T) 


A. Clinical Interpretation Before Computer Analysis 


Normal ECG Me Ps E Be ee ey Gl EC ay 
x (Overall) True | | False Negatives 
Off-line computer analysis Negatives | 
Arrhythmias (including rate 
disparity, premature beats) 


Conduction disorders 
(A-V or I-V) 


Voltage abnormalities 
(low or increased) 


Axis deviations 
(RAD or LAD) 


Myocardial infarctions 
(anterior or inferior) 
A 


Repolarization abnormalities 
(S-T, Vi Q-T) 


Re SSS Pa UL; Ji : 


B. Analytical Performance of Smith-Hyde Program Released in 1968 


Correct Classification 


T Sens tivity 


v 
+ 


Off-line Computer Analysis 


Specificity 
TP x 100, 95 TN x 100, % 
TP 4- FN FP 4- TN 


Incorrect Classification 
TP + TN, Ratio 
FN 4- TP 


Norma! ECG (overall) | | 75 
Arrhythmia (including rate 

disparity, premature beats) 83 
Conduction disorders 

(A-V or I-V) | 99.7 
Voltage abnormalities 

(low or increased) 92.8 
Axis deviation 

(RAD or LAD) 99.2 
Myocardial infarction 

(anterior or inferior) 98.6 
' Repolarization abnormalities 

(S-T, T or Q-T) 96.7 «0.0001 


_ A-V— atrioventricular; ECG = electrocardiogram; l-V = intraventricular; LAD = left axis deviation; RAD = right axis deviation. 


<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 


<0.0001 


f 





electrodes or clinical recording. In 5 of these 16 
cases (31 percent) the computer analysis changed 
significantly on normal or abnormal classification. 
These findings indicate the risk of error when 
healthy persons with normal electrocardiograms 
are screened by this program, and the need for 
clinical checking of every report to assure quality 
control. 

Further analysis revealed appreciable differ- 
ences in program performance in various diagnos- 
tic categories of computer analysis (Table II). The 
most frequent source of false positive computer 
analysis was reporting of arrhythmias; in 48 cases 
premature beats were reported when none was ap- 
parent by clinical interpretation of the same sam- 
ple of X, Y and Z leads. Atrial or A-V nodal 
rhythm and atrial flutter or fibrillation were cor- 
rectly diagnosed. In a few instances heart rate was 
ineorrectly measured, with differences ranging 
from 40 to 100 beats/min. The most frequent source 
of false negative computer analysis was failure to 
detect clinically apparent evidence of myocardial 
infarction. Representative examples of false classi- 
fications are shown in Figures 3 and 4. Prevalence 
of other types of false positives and false negatives 
are indicated in Table II. The ratio of correct to 
incorrect classifications ranged from 4.7 for ar- 
rhythmias to 61.2 for atrioventricular or intraven- 
tricular conduction disorders. Accordingly, the 
specificity for true negatives was higher for any 
one of these categories than for all categories in 
the entire electrocardiogram. These findings indi- 
cate both the considerable diagnostic power of the 
Smith-Hyde program and the need for confirma- 
tion by clinical interpretation to assure quality 
control. 


TABLE IV 


COMPUTER ANALYSIS OF FRANK ELECTROCARDIOGRAM 


TABLE Ill 


Comparison of Heart Rates and Interval Measurements* in 
Healthy Persons 


Clinical Computer 
Interpretation Analysis 
Heart rate (beats/min) 


69 + 11 (16%) 71+ 14 (19%) 


P-R (msec) 167 + 24 (14%) 156 + 19 (12%) 
QRS (msec) 73 + 10 (14%) 91+9 (10%) 
Q-T (msec) 379+ 29 (8%) 393 + 27 (7%) 


* Means, standard deviations (and coefficients of variation). 


In several instances multiple differences were 
noted between computer analysis and clinical in- 
terpretation for the same person. Accordingly, the 
sum of true positive, false positive and false nega- 
tive items according to electrocardiographic infor- 
mation categories exceed the number of subjects 
classified in these groups. 

Normal variation in computer measurements of 
electrocardiographic components: Statistical data 
on heart rate, conduction times (P—R and QRS in- 
tervals) and duration of electrical systole (desig- 
nated R-T interval) for 216 normal electrocardio- 
grams are shown in Table III. Similar data on 
spatial magnitudes and planar angles of selected 
P, QRS and T components analyzed by the pro- 
gram are presented in Table IV and Figure 5. 
Items that showed less variation than heart rate 
were P-R, QRS and R-T intervals and almost all 
planar angles. Items that exhibited greater varia- 
tion than heart rate included frontal plane angles 
of initial ROR; (for the first 30 msec) and termi- 
nal RER, (for the last 40 msec) of QRS forces, and 


Spatial Magnitudes and Planar Angles of Electrocardiographic Forces in Healthy Persons 


(Means, Standard Deviations, Coefficients of Variation*) 





Planar Angles 





Spatial 
Magnitude Frontal 

PL2 93+ 40(43%) 280 + 46 (17%) 
P3, 4 87+ 30(35%) 295 + 37 (13%) 
PP 88+ 32(6%) 289 + 38 (13%) 
ROR; 119+ 41(34%) 113+ 47 (42%) 

300 + 35 (12%) 
RR 350 + 106 (30%) 318 + 34 (11%) 
RMax 1374 + 327 (24%) 320 + 30(9%) 
RER; 503 + 193 (38%) 72 + 58 (80%) 

308 + 34 (11%) 
T: 72+ 39(55%) 259 + 90 (35%) 
T4 155+ 75(48%) 294 + 72 (2596) 
T; 405 + 147 (36%) 317 + 13 (490) 
Ts 150+ 68 (4690) 307 + 36 (1296) 





* 100 (standard deviation)/mean for voltage magnitudes. 


100 (standard deviation)/360 for planar angles, except 180 used in cases of bimodal distributions. 


Sagittal 


284+ 49(17%) 
270+ 33(12%) 
279-- 36(13%) 
187 - 162 (87%) 


251+ 31(12%) 
264+ 28(11%) 
215+ 34(16%) 


266 + 120 (45%) 
301+ 78(26%) 
309+ 20(6%) 

299+ 36(12%) 


Horizontal 


75+ 94(124%) 

84-- 40 (47%) 

73+ 57 (78%) 
179 + 164 (91%) 


104+ 24(23%) 
94+ 23(25%) 
143+ 35(25%) 


93 + 125 (134%) 
52+ 65 (125%) 
54+ 27 (50%) 
56+ 29(52%) 


—— 
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Means * Standard Deviations 


NORMAL SPATIAL MAGNITUDES 
( Microvolts ) 





88t32 nota) 1373+ 327 50324193 4051148 
PP ROR, RMax RERg T6 


Figure 5. Top, statistical data for vectors of mean P (PP), 
initial 30 msec of QRS (ROR;), maximal R voltage (RMax), 
terminal 40 msec of QRS (RER,) and maximal T voltage (Te) 
in frontal, right sagittal and horizontal planes in 216 normal 
subjects. Mean values of each are cited in degrees, zero 
reference is indicated for PP diagrams; shaded zeros repre- 
sent variance of plus and minus one standard deviation. See 
text for comments about bimodal distributions. Bottom, cor- 
responding values for spatial magnitudes of same items ex- 
pressed in micravolts. 


T» (second of 8 consecutive parts of the R-T inter- 
val) of early ventricular repolarization. All spatial 
magnitudes of these normal subjects had greater 
variation than most of the planar angles. Bimodal 
distributions were observed in initial QRS forces 
(ROR;) and terminal QRS forces (RER,) of the 
frontal plane projections. Although the majority 
of normal tracings were reported to have ROR; 
angles ranging from 0° to 270° in the frontal 
plane, none was interpreted by the Smith-Hyde 
program as showing myocardial infarction or other 
abnormalities of ventricular depolarization. Al- 
though RER, angles in the frontal plane were 
widely distributed, none was interpreted by this 
program to have terminal force abnormalities such 
as right or left axis deviation. In contrast, there 
was very little variation for either mean or maxi- 
mal R angles in all 3 planes. 

Normal electrocardiograms obtained from 216 
healthy male and female patients were subdivided 
according to the patient’s age into 3 groups: un- 
der 30, from 30 to 44, and over 44 years of age for 
detection of significant differences in relation to 
both sex and age (Table V). With respect to atrial 
depolarization, only the horizontal planar magni- 
tude of the mean P voltage exhibited a difference 


ana 


(P <0.01) between men and women in the oldest 
age group. For purposes of data reduction, QRS 
items for ROR; RMax and RER,, rather than R, 
through Rs inclusive, were selected for analysis. 
Only the frontal planar angle of ROR, differed 
slightly in the youngest men and women (P 
<0.05). In regard to RMax, younger men had 


TABLE V 


Significant Differences in Electrocardiographic Items of 
Healthy Persons in Relation to Age and Sex* 








Age Group Men Women P 

Item (yr) (means + SD) (means + SD) Value 
HM, PP >44 45+ 16 35+ 13 «0.01 
FA, ROR; <30 162+ 81 222+ 88 «0.05 
RHO, RMX <30 1728 + 292 1413+ 314 <0.01 
FM, RMX <30 1613+ 337 1365+ 344 <0.05 
HM, RMX <30 1357 + 229 992+ 261 «0.001 
HM, RMX >44 1157+ 253 1033+ 261 «0.05 
RHO, RER; <30 683 + 159 543+ 190 <0.05 
SA, RER; <30 208+ 24 231+ 31 «0.05 
SM, RER, <30 574 4- 171 4294-125 <0.01 
HM, RER; «30 605 + 156 420+ 169 «0.001 
RHO, T: <30 120— 48 51+ 21 «0.0001 
FM, T: <30 68+ 42 34+ 18 <0.001 
SM, T: <30 106+ 43 47+ 19 <0.0001 
HM, T: <30 110+ 44 39+ 23 «0.0001 
RHO, T: 30-44 84-- 26 52+ 26 «0.0001 
SA, T: 30-44 320+ 66 272+ 98 «0.05 
SM, T: 30-44 75+ 25 46+ 25 «0.0001 
HA, T» 30-44 40+ 66 1162-126 «0.01 
HM, T; 30-44 152 27 39+ 24 «0.0001 
RHO, T; >44 81+ 34 59+ 35 <0.0001 
FA, T: >44 2600+ 93 220 + 100 <0.05 
SA, T: >44 278 + 119 212 + 142 «0.01 
SM, T: >44 73+ 30 55 35 «0.01 
HM, T: >44 72+ 33 47+ 25 <0.0001 
RHO, T, <30 643 4- 152 363+ 102 — «0.0001 
FM, Ts <30 542 + 139 342+ 95 <0.0001 
SA, T; <30 315+ 9 294+ 16 <0.0001 
SM, T; <30 489 + 124 255+ 95 <0.0001 
HA, Ts <30 50+ 9 68+ 15 <0.0001 
HM, T; <30 536 + 136 279+ 84 <0.0001 
RHO, T; 30-44 444— 81 355 + 129 <0.01 
FA, Te 30-44 319+ 7 314+ 9 «0.05 
SA, T; 30-44 311+ 16 295+ 21 «0.01 
SM, T; 30-44 339+ 87 273+ 107 «0.05 
HA, T; 30-44 52+ 17 63+ 19 «0.05 
HM, T; 30-44 371+ 74 268+ 105 «0.001 
RHO, T; >44 440 + 146 316+ 111 «0.0001 
FM, Te 44 327 + 129 274+ 99 «0.05 
SA, T; 244 323+ 14 305+ 20 «0.0001 
SM, T; 244 359 + 123 245+ 93 <0.0001 
HM, Te >44 383 + 134 247+ 96 <0.0001 





* Similar differences were found in RHO and most of the 
planar angles for T; to T;, inclusive; in addition FM showed 
significant differences between sexes in persons over 30 years 
of age, whereas SA and HA differed in persons under 30 years 


of age. 


greater spatial, frontal planar and horizontal 
planar magnitudes than younger women; the 
greatest difference was found in the horizontal 
plane (HM, ROR;, P <0.001). Similarly, the oldest 
men had slightly greater horizontal planar mag- 
nitudes than the oldest women. As for terminal 
QRS forces, RER,, similar differences were ob- 
served in only the youngest age group (Table V). 

There were many highly significant differences 
between voltage magnitudes of T; through T; in all 
age groups. Again for purposes of data reduction, 
only values for T, (representing S-T segment) 
and T, (peak of T forces) are shown in Table V. 
In addition, frontal, horizontal and sagittal angles 
of these forces also exhibited significant differ- 
ences between the 2 sexes in all 3 age groups. 

The trends in relation to effects of aging on 
spatial magnitudes are illustrated in Figure 6 for 
atrial and ventricular repolarization and in Fig- 
ure 7 for ventricular repolarization. Clearly, 
younger men have greater magnitudes of RMax 


and T, vectors than either older men or women of 


any age group. 

These differences reveal the greater discrimina- 
tory power of items of ventricular repolarization 
than depolarization by this program of computer 
analysis. Furthermore, they indicate the necessity 
of having several sets of normal standards accord- 
ing to both age and sex when quantitative differ- 
ences in abnormal tracings are to be interpreted. 


Discussion 


Both sensitivity and specificity with this initial 
version of the Smith-Hyde program showed per- 
formance levels that would not be satisfactory for 
routine, unsupervised clinical usage. Occurrence 
of both false positive and false negative analyses 
clearly indicated an urgent need for continued 
surveillance of all records by a cardiologist to as- 
sure quality control. Since Smith and colleagues 
have subsequently made numerous improvements 
and revisions in this program, the results of this 
study cannot be used to assess operational per- 
formance with the extensively revised program. 
Nevertheless, these data provide a base line by 
which the degree of improvement in subsequent 
revisions of the program might be assessed. 

If computer analyses are not carefully checked 
by a physician, there is a risk of generating iatro- 
genic or “computerogenic heart disease" and at- 
tendant anxiety of a patient.’ Conversely, there is 
a smaller risk of significant error when a false 
negative computer analysis disregards appropri- 
ate evidence of myocardial infarction. 

Analysis of variation of items of diagnostic im- 
portance revealed apparent discrepancies. A bimo- 
dal distribution of initial QRS forces (ROR;) for 
the first 30 msec in frontal plane angles was unex- 
pected by selection of normal case material, and 
not correlated with computer program interpreta- 
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EFFECTS OF AGING ON SPATIAL MAGNITUDE OF 
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Figure 6. Variations in mean spatial magnitudes of mean 
atrial depolarization (PP), initial (RORs), maximal (RMax), 
and terminal (RER.) ventricular depolarization forces in rela- 
tion to age and sex in healthy persons. 


tion of normal electrocardiograms. Similar magni- 
tudes of variation did not occur in the sagittal or 
horizontal planes. Since the initial ROR, vector is 
normally perpendicular to the frontal plane, it is 
apparent that minor deviations in projection of 
this vector in frontal plane are widely dispersed. 
Recognition by computer programs of initial force 
abnormalities such as myocardial infarction should 
rest primarily upon deviations beyond a narrow 
range of vector projections in sagittal and hori- 
zontal planes. 

In accord with prior observations by Pipberger 
and Pipberger? of higher computer diagnostic 
recognition rates for instantaneous vectors than 
various magnitudes of QRS complexes, there was 
less variation with planar angles than with spatial 
magnitudes in normal subjects when differences in 
age and sex were disregarded. Conversely, there 
were more significant differences in magnitudes 
than in angles in relation to sex in all age groups 
of normal persons. These differences seemed to 
reflect the greater mass and volume of the heart in 
men than in women, particularly in younger 
adults. Similar quantitative differences for XQRS 
and 3T measurements of the 12 lead electrocardio- 
gram were also reported by Simonson.* 
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Figure 7. Variations in mean spatial magnitudes of 8 com- 
ponents of ventricular repolarization in relation to age and 
sex of healthy persons. 
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When operational use of the Smith-Hyde pro- 
gram is verified by visual interpretation of the 
tracings by an experienced physician or cardiolo- 
gist to assure quality control, the matrix of quan- 
titative data provided by this program could per- 
mit development of computer program techniques 


for assessment of serial changes in consecutive re- 
cordings on the same patients. 
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Sotalol (MJ 1999) was administered to 20 patients for the treatment 
of 22 episodes of supraventricular and 6 episodes of ventricular 
arrhythmias. The dose range was 9 to 50 mg intravenously and 20 
to 80 mg orally given every 6 hours. In 4 of 6 patients supraventricu- 
lar tachycardia was converted to normal sinus rhythm. In 4 with 
episodic supraventricular tachycardia, Sotalol prevented further re- 
currences in all. In 1 patient atrial flutter was converted to normal 
sinus rhythm. In 3 others with atrial flutter, and in 3 with atrial 
fibrillation, Sotalol slowed the ventricular response from an average 


rate of 125 to 72 beats/min. In 1 patient with episodic atrial fibrilla- — 


tion and another with episodic ventricular tachycardia, Sotalol pre- 
vented further recurrences. In 1 of 2 patients Sotalol decreased the 
frequency of premature atrial contractions; in 5 patients with pre- 
mature ventricular contractions, it abolished them in 2 and reduced 
their frequency in the other 3. Side effects included transient hypo- 
tension in 3 patients and bradycardia sufficient to require reducing 
the dose of Sotalol in 4. It is concluded that Sotalol is a moderately 
effective antiarrhythmic drug which may be preferable to other beta 
adrenergic blocking agents because of its lack of substantial myo- 
cardial depressant effects. 


Beta adrenergic blocking agents, such as propranolol, are being 
used with increasing frequency for the treatment of clinical car- 
diac arrhythmias.!? One of the potentially serious side effects of 
such drugs is their direct production of myocardial depression 
which can precipitate or worsen congestive heart failure? So- 
talol? (MJ 1999) is a newer beta adrenergic blocking agent which 
produces less myocardial depression than propranolol“; it thus 
might be a safer drug to use in patients with heart failure if it is 
as effective in the treatment of arrhythmias. 

Although Sotalol antagonizes experimental arrhythmias pro- 
duced by epinephrine! as does propranolol,’ it is not a local anes- 
thetic agent and may be less effective than propranolol in prevent- 
ing ouabain-induced arrhythmias.? Furthermore, directionally op- 
posite effects on intracellular action potentials suggest that So- 
talol and propranolol may have different antiarrhythmic effects, 
aside from their beta blocking properties." 

The present study was undertaken in a group of patients with 
a variety of atrial and ventricular arrhythmias to evaluate the 
clinical effectiveness of Sotalol as an antiarrhythmic agent. 
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TABLE | 
Intravenously Administered Sotalol 


Dose of 

Case Age (yr) |o f MEE sie Sotalol 
no. & Sex Origin Type (mg) Effect 

1 56M ASHD SVT 20 . No effect 

2 70M RHD PVC 20 PVC abolished 

3 28M PHD SVT 20 No effect 

4 75M ASHD SVT 12 NSR 

5 57F ASHD A FI 9 NSR 

6 58F ASHD SVT 20 NSR 

7 66F Acute MI SVT 10 NSR 

8 72M Acute MI SVT 20 NSR 

9 82F ASHD A Fl 35 Slowing of HR 
10 61M Acute MI PVC, PAC 40 Decreased 
11 58M PHD A Fl 50 Slowing of HR 
12 82M ASHD A Fl 16 Slowing of HR 
13 46M ASHD PAC 10 No effect 
14 87F ASHD A Fib 20 — Slowing of HR 
A Fib = atrial fibrillation; A Fl = atrial flutter; ASHD = arterio- 


sclerotic heart disease; HR = heart rate; MI = myocardial infarc- 
tion; NSR = normal sinus rhythm; PAC = premature atrial con- 
traction; PHD = primary heart disease; PVC = premature ven- 
tricular contraction; RHD = rheumatic heart disease; SVT = 
supraventricular tachycardia. 


Methods 


All patients were hospitalized at the time of the 
initial administration of Sotalol, and were evaluated by 
history, physical examination, electrocardiogram and 
chest roentgenogram. Tables I and II contain a descrip- 
tion of each patient, the type of arrhythmia, the dose of 
Sotalol given and the effect obtained, Of a total of 20 
patients, 14 were given Sotalol intravenously for an 
acute arrhythmia (Table I). Four of these patients and 
6 additional patients received Sotalol orally as prophy- 
lactic therapy for recurrent arrhythmias (Table II). 
Four patients thus appear in both tables. Fifteen pa- 
tients had coronary artery disease (3 with acute myo- 
cardial infarction), 2 rheumatic heart disease, 1 pri- 
mary myocardial disease and 1 hypertension with the 
“sick sinus” syndrome. Sotalol was given intravenously 
in a bolus of 2 to 10 mg every 5 minutes as required, 
with an average total dose of 21 mg (range 9 to 40 mg). 
During intravenous administration, the electrocardio- 
gram was continuously monitored and rhythm strips 
were obtained at frequent intervals. The average oral 
dose of Sotalol was 160 mg (range 80 to 320 mg/day) 
administered in 4 divided doses. If patients were re- 
ceiving other antiarrhythmic drugs, these were discon- 
tinued before administration of Sotalol. Patients receiv- 
ing maintenance doses of digitalis continued to receive 
the same doses. Sotalol was not administered to preg- 
nant women, patients with bronchial asthma, or those 
with a high degree of atrioventricular (A-V) block. 


Results 
Sotalol, Acute Therapy 


A summary of the results is listed in Table III. 
Effects were noted within 1 to 5 minutes of the 
last dose of Sotalol. 


Supraventricular tachycardia: In 4 of 6 pa- 
tients, conversion to sinus rhythm occurred, and 
there was no effect on the rhythm of 2 patients. 
The dose of Sotalol ranged from 10 to 20 mg. 

Atrial flutter: Sotalol produced conversion to 
normal sinus rhythm in 1 of 4 patients; a decrease 
in ventricular rate was achieved in the other 3 by 
increasing the A-V block. The dose of Sotalol 
ranged from 9 to 50 mg. Figure 1 illustrates the 
results of a dose of 6 mg of Sotalol given intra- 
venously to a 57 year old woman with atrial flutter 
associated with an acute myocardial infarction. 
After slowing of the ventricular response there 
was conversion to normal sinus rhythm. 

Atrial fibrillation: In 3 patients, Sotalol pro- 
duced an increase in A~V block which slowed the 
ventricular rate from an average value of 125 to 
72 beats/min and resulted in clinical improvement 
in each patient. 

Premature ventricular contractions: These 
were abolished in 2 patients and decreased from 
an average of 8/min to 2/min in the 3 remaining 
patients. The effects lasted for periods ranging 
from 10 minutes to 5 hours. 

Premature atrial contractions: In 1 of the 2 
patients Sotalol decreased the frequency of the 
premature beats; in the other it had no effect. 


Sotalol, Chronic Therapy 


The effects of orally administered Sotalol on the 
frequency of recurrent episodic arrhythmias are 


TABLE II 
Orally Administered Sotalol 





Age Dose of 
(yr) Sotalol 
Ts Arrhythmia (mg/6 
no. Sex Origin Type hours) Effect 
1 56M ASHD SVT 40 No recurrence, 
6 mo 
6 58F ASHD SVT 80  Norecurrence, 
6 mo 
10 61M ASHD; acute PVC 20-60 Frequency of 
MI PVC's reduced 
14 87F ASHD A Fib 40 Reduced ven- 
tricular rate 
15 55F RHD SVT, FAC 40 No recurrence, 
7 mo 
16 64F ASHD A Fib 40 Reduced ven- 
tricular rate 
17 62M ASHD VT 40  Norecurrence, 
6 mo 
18 71F ASHD PVC 40 Frequency of 


PVC's reduced 


19 75M ASHD SVT, PVC 40 No effect 
20 72F Hypertension; A Fib 20  Norecurrence, 
"sick sinus” 6 mo 


syndrome 


VT = ventricular tachycardia; other abbreviations as in Table l. 


listed in Table II. Three of 4 patients with par- 
oxysmal supraventricular tachycardia have not 
had a recurrence during an average follow-up 
period of 6 months. One patient each with recur- 
rent atrial fibrillation and ventricular tachycardia, 
had their recurrent arrhythmias abolished over an 
average follow-up period of 6 months. Two pa- 
tients with chronic atrial fibrillation who were re- 
ceiving digitalis were given supplemental doses of 
Sotalol to control their ventricular rate since they 
were prone to digitalis toxicity. The oral dose of 
Sotalol ranged from 20 to 80 mg 4 times a day. 


Side Effects 


Side effects were relatively minor. Although all 
patients showed a slowing of heart rate, there was 
no detectable evidence of a worsening of conges- 
tive heart failure. Bradycardia occurred in 4 pa- 
tients and was controlled by reducing the dose of 
Sotalol. Three patients receiving Sotalol intrave- 
nously experienced a transient decrease of 16 mm 
Hg in systemic blood pressure, which was clini- 
cally insignificant. One patient receiving Sotalol 
orally complained of breast discomfort which 
cleared spontaneously although administration of 
Sotalol was continued. 


Discussion 


The results of our study indicate that Sotalol is 
a moderately effective antiarrhythmic agent for 
certain arrhythmias. When given orally, it was ef- 
fective in preventing further episodes of recurrent 
tachyarrhythmias. When given intravenously, it 
was moderately effective in controlling supraven- 
tricular arrhythmias, by either conversion to nor- 
mal sinus rhythm or reduction of the ventricular 
response by increasing the degree of A-V block. 
Although the number of patients treated were few, 
our results suggest that the antiarrhythmic spec- 
trum of Sotalol is similar to that of propranolol.!? 

Mechanism of antiarrhythmic effects: One 
mechanism responsible for the antiarrhythmic ef- 
fects of Sotalol is its beta adrenergic blocking ef- 
fect. This is best exemplified by the increase in 
A-V block which results in a decrease in the ven- 
tricular response to atrial tachyarrhythmias. It is 
not known whether Sotalol has other antiarrhyth- 
mic effects unrelated to beta blockade. Although 
Sotalol is devoid of the nonspecific antiarrhythmic 
effects seen with other beta blocking agents,5?.! 
studies of its effects on the action potential have 
shown that it prolongs the action potential dura- 
tion and the effective refractory period.? This 
latter effect might be responsible for antiarrhyth- 
mic actions similar to those of quinidine.® 

Experimental studies of the antiarrhythmic ef- 
fects of Sotalol have shown it to be uniformly effec- 
tive in ventricular arrhythmias induced by hydro- 
carbon and epinephrine in the dog.'?'? However, 
results with arrhythmias produced by coronary 
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TABLE Ill 


Summary of Results: Acute Therapy with Sotalol 


Total Conversion Increased No 
Cases to NSR A-V Block Abolished Decreased Effect 
SVT 6 4 yt z^ T) 2 
A FI 4 1 3 jv a 
A Fib 3 FE 3 ze 
PVC 5 2 3 
PAC 2 $5: 1 1 


Abbreviations as in Table l. 


BEFORE SOTALO 
MAE pope: pepe pus 





Figure 1. Effects of Sotalol on atrial flutter in a 57 year old 
woman after an acute myocardial infarction. Administration 
of 6 mg of Sotalol intravenously successfully converted the 
flutter to normal sinus rhythm. 


f= de 


artery ligation or infusion of ouabain have been 
conflicting and may relate to the lack of effect of 
Sotalol on automaticity.^51.14 

Myocardial effects: Several studies have dem- 
onstrated the lack of substantial myocardial de- 
pressant effects of Sotalol, in both the intact dog*.!^ 
and man.!9-5 Doses as high as 60 mg/kg of Sotalol 
have been given to volunteers without incident.” 
Similar results have been obtained in vitro with 
the rabbit left atrial preparation, in which neither 
the d- nor l-optical isomers had any significant ef- 
fect on the force of contraction despite their 
markedly different beta blocking properties.'? Re- 
cent studies in the isolated cat papillary muscle 
not only demonstrated a lack of substantial myo- 
cardial depressant effects but also showed that 
Sotalol produced an increase in force at dose levels 
of 10+ to 10?M.* This effect was unrelated to in- 
trinsic catecholamine sympathomimetic stores 
since the same results were obtained in cats de- 
pleted of catecholamines by reserpine. In our 
study, side effects attributable to myocardial de- 
pression were minimal, consisting of transient 
hypotension or bradycardia. However, it must be 
remembered that even if the direct myocardial de- 
pressant effects of Sotalol are minimal, the beta 
blocking effects may theoretically worsen conges- 
tive heart failure in a patient who is greatly de- 
pendent on sympathetic stimulation to maintain 
compensation.”° 
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In summary, Sotalol (MJ 1999) appears to be a 
moderately effective antiarrhythmic agent for ar- 
rhythmias of the same general type as those for 
which propranolol is effective. It has the additional 
advantage of producing less direct myocardial de- 
pression and thus may be preferable in situations 


associated with borderline or overt congestive 
heart failure. 
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In this review of electromagnetic flowmetry, cardiovascular applica- 
tions of velocity and flow measurements in patients are emphasized. 
The theory of electromagnetic flowmeters and sequential develop- 
ments in the field are surveyed in relation to practical problems of 
utilization of electromagnetic flow devices. The distinction between 
catheter-tip velocity transducers and catheter flow transducers is dis- 
cussed. A variety of electromagnetic catheter-tip devices are de- 
scribed, and their potential applicability to patient care is considered. 


Development of the electromagnetic flowmeter made it possible to 
measure the flow of blood continuously, instantaneously and with- 
out interference.'2 The method has been refined to 3 readily ap- 
plicable clinical and investigative tool?* that can be utilized for 
diagnostic as well as physiologic investigations." The following 
outline of the principles of electromagnetic flow measurements 
reviews some of its applications with particular reference to the 
heart. 


Electromagnetic Flowmeters 


Principle of operation: The theory of electromagnetic flow measure- 
ment has been described and reviewed by others.9-? In brief, blood is 
caused to flow through a magnetic field (Fig. 1). Ions in the plasma, 
which are moving through the magnetic field, become displaced; nega- 
tive ions move in the opposite direction of positive ions. An electromag- 
netic force produced by the negative and positive sides of the blood- 
stream is sensed by electrodes positioned at right angles to the magnetic 
field. The electromotive force produced is proportional to the average 
cross-sectional velocity, and the intensity of the magnetic field according 
to the following equation!?: 


eo = Byd x 10-8 volts 


where e; is the electromotive force, B the flux density in gauss, v the 
average linear velocity of the liquid in centimeters per second, and d the 
diameter in centimeters between the electrodes. Instantaneous flow, 
averaged across the cross section of the vessel, can be measured, as well 
as instantaneous velocity, since flow equals the product of velocity and 
cross-sectional area. 

Theoretical requirements: The relation between induced electromo- 
tive force (eo) and average cross-sectional velocity (V) applies even when 
the fluid velocity is not uniform, provided that the profile of flow pos- 
sesses rotational symmetry about the axis of the tube.9* This result 
holds for turbulent and laminar regimes-provided they possess rotational 
symmetry. However, any axial asymmetry may severely influence the 
electrical output.^? A second theoretical requirement (in addition to 
axial symmetry) is a uniform magnetic field. This may be of practical 
importance in transducers in which the need for limited size may impose 
restrictions upon field uniformity.‘ 
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Figure 1. Flow-velocity transducer based upon electromag- 
netic induction in liquids. Induced electromotive force (eo) is 
proportional to magnetic field (B), average linear velocity of 
blood (v), and diameter of vessel (d). (Reprinted by per- 
mission of McGraw-Hill Book Co. from Instrumentation in 
Scientific Research by Lion,* copyright 1959 by McGraw-Hill 
Bock Co.) 


Problems in application: In their least complex 
form, electromagnetic flowmeters were constructed 
with a direct-current electromagnet placed about an ex- 
teriorized vessel! With such instruments, electrolytic 
polarization tended to occur at the electrodes!9.11* To 
eliminate this difficulty, a flowmeter was designed in 
which the magnetic field was alternated with a sine 
wave current source.’ Alternating magnetic fields in- 
treduce the problem of parasitic voltages from capaci- 
tive alternating current pick-up and from asymmetric 
induction in the liquid and in the leads.? 

Electrical eddy currents and consequent electrode 
voltages often resulted in zero drift.!? This problem 
was circumvented by use of square wave magnetic cur- 
rents.!? It can also be overcome by measuring induced 
current only at the peak intensity of the magnetic field ; 
a gated sine wave flowmeter was developed for this pur- 
pose.? However, precise adjustment of the gating of 
some commercial flowmeters has been tedious. Conse- 
quently, many investigators have found square wave 
flowmeters more convenient to utilize. Heat production 
caused by transducers used with square wave flowme- 
ters has not been a practical problem. For equal 
amounts of heat produced in the transducer, a square 
wave current results in lower flow voltages than a sine 
wave current, because the peak current of a square 
wave is 40 percent less than that of a sine wave for the 
same root mean square value.!* The output voltage, in 
general, is in the microvolt range.? 

Flow has been recorded electromagnetically in ves- 
sels with an external diameter as small as 1 mm." Pul- 
satile flów at 60 Hz can be measured with 95 percent 
accuracy.1® Harmonic analyses of flow curves indicate 
that a' full response to 20 Hz permits adequate record- 
ing of femoral arterial flow in anesthetized dogs.!* 
Flow transients of 1 msec duration have been mea- 
sured, indicating an exceedingly rapid response to 
changes of flow.18 


* Electrolytic polarization is the departure of an electrode 
from its reversible value upon pessage of a current." 


Perivascular and Cannulating Transducers 


Zero flow determination:  Theoretically, when the 
magnetic drive is removed, the flow signal should be 
zero, and the output of the device should coincide with 
zero flow as obtained by mechanical occlusion of the 
vessel to which the transducer is applied. In practice, 
this does not occur because variable quantities of trans- 
former voltage are detected in the demodulation cir- 
cuit.!? This added signal results in a direct-current com- 
ponent in the output which is superimposed on the flow 
signal.!® It is possible, however, to build transducers 
with no significant nonflow component??.?! or with the 
nonflow component exactly 90? out of phase with the 
flow signal? Zero flow under these conditions can be 
established by turning off the magnetic drive (first 
type of transducer) or by electrical techniques (second 
type). Recently, a means of nulling out the trans- 
former and capacitively induced voltages has been de- 
veloped which gives close correlation between elec- 
tronic zero and mechanical zero.? With most flowme- 
ters, mechanical oeclusion of the vessel distal to the 
transducer has been found to be the only reliable 
method of producing a valid reference base line.?*25 
Consequently, a variety of occlusive devices have been 
described.?4-?7 

The mean level during diastole of the instantaneous 
flowmeter signal recorded from the roots of the pulmo- 
nary artery or aorta has been widely used as a refer- 
ence level indicative of zero flow in these vessels.?* Use 
of the mean diastolic level of the pulmonary arterial 
flowmeter appears to permit an accurate measurement 
of cardiac output, whereas the corresponding portion of 
the aortic flowmeter signal underestimates cardiac out- 
put by 10 percent.?5 l 

Calibration: Accuracy of calibration of cuff trans- 
ducers is enhanced if the cuff transducer is calibrated 
with the same blood®-31 and preferably the same ves- 
sel?!.32 as is used in experimental studies. A decrease in 
sensitivity of 15 to 50 percent has been observed when 
blood with 45 to 55 percent hematocrit is used instead 
of saline solution.29“°82 Calibration of cannulating 
transducers with isotonic saline solution instead of 
blood causes less inaccuracy than occurs with calibra- 
tion of cuff transducers; the error is usually reported 
to be less than 5 percent??-?5 although errors of greater 
magnitude have been observed.?9.56 The errors that oc- 
cur in calibration of excised blood vessels with saline 
solution are related to possible changes in conductivity 
of the vessels produced by changes in composition of 
the fluid or vessel wall.^32.7 This possibility also ex- 
plains the value of utilization of the same vessel in a 
fresh state2?35 However, some investigators have 
found that calibration of cuff flow transducers is inde- 
pendent of the nature or thickness of the vessel.*5.39 
In vivo calibration of transducers may circumvent some 
of the problems of calibration. This can be accomplished 
by measuring the volume of blood flowing from a ves- 
sel in a given time.*®-4! It can also be accomplished by 
clamping the vessel upstream from the transducer and 
injecting a known volume of blood through the instru- 
ment, at the same time integrating the flowmeter out- 
put.42 

Cuff transducers should have a lumen diameter equal 
to, or somewhat smaller than, the vessel diameter.?9 
The diameter of the vessel may be reduced 20 percent 


without perceptibly compromising the normal flow 
pulse dynamics? or mean flow.4? 

Transducers suitable for animal studies:  Elec- 
tromagnetic flow techniques have been used for study 
of the circulation of animals since 1938.44 Since the 
introduction of electromagnetic flow transducers small 
enough for chronic implantation, a variety of peri- 
vascular transducers have been fabricated. Figure 2 
shows a schematic diagram of a miniature cuff trans- 
ducer suitable for measurement of coronary flow in 
dogs.?9 Inclusion in this type of transducer of a slit 
and shutter, by tilting the axis of the electrodes ap- 
proximately 15? from the axis where voltage due to 
flow would be maximally detected, resulted in a reduc- 
tion in sensitivity of only 1 percent. Each type of 
perivascular transducer has specific merits related to 
size (cuff type), ease of removal (clip-on type) or sen- 
sitivity (U type).19 

Fabrication of miniature transducers has made it 
possible to measure instantaneous coronary flow even 
in conscious, unanesthetized animals.*! Coronary flow 
in laboratory animals is usually measured by means of 
a cuff transducer positioned about a short segment of 
surgically exposed coronary artery. Auto-perfused 
cannulas have also been developed for measurement of 
coronary flow in animals with the chest open.48 Spe- 
cialized adaptations of transducers have been fabri- 
cated for such purposes as measurement of flow 
through experimentally produced ventricular septal de- 
fects*? or the rings of prosthetic valves in dogs.5° 


Studies in Patients 


Functional effects of anastomoses have been 
demonstrated extensively by direct blood flow 
measurements in vascular surgery.®!°2 Measure- 
ment of flow through grafts is particularly im- 
portant in occasional instances in which there may 
be good arterial pulsation but poor flow.?-55 Palpa- 
tion of the arterial pulsation consequently may be 
misleading.??—5 If the level of flow is low through 
a reconstructed vessel or graft, quantification of 
flow after direct injection of a vasodilator may en- 
able one to distinguish between an anatomic hin- 
drance to flow and vasoconstriction.»? If there is a 
vascular occlusion, flow will not increase signifi- 
cantly; whereas if there is vasoconstriction, flow 
should increase markedly (100 to 300 percent in 
the femoral-popliteal region). Continuous mea- 
surements of flow in shunts during reconstructive 
procedures of arteries to vital organs, such as the 
carotid artery, have decreased the risks of danger- 
ous variations of flow in such extravascular 
shunts.57 

Continuous monitoring of cardiac output during 
thoracic surgery by means of a flow transducer on 
the ascending aorta has provided valuable infor- 
mation to the surgeon and anesthesiologist.” Flow 
transducers have been applied about the pulmo- 
nary artery and aorta of children during surgery 
for ventricular septal defect and pulmonary hyper- 
tension to quantitate the left to right shunt and de- 
termine if corrective or palliative surgery is indi- 
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Figure 2. Schematic diagram of flow transducer showing 
general construction. Axis of electrodes is at right angles to 
field produced by electromagnet (coil and core). (Reprinted 
by permission from Khouri and Gregg.?) 


cated.* Aortic flow also has been measured at sur- 
gery to quantitate the result of plastic repair of 
the aortic valve in patients with aortic insuffi- 
ciency.’ Backflow can readily be measured with 
such techniques by integration of the diastolic por- 
tion of the flow curve. Similarly, flow in the supe- 
rjor vena cava has been used to quantitate tricus- 
pid regurgitation.5? 

Studies of bypass venous grafts in the thigh 
have been performed from the time of operation to 
as long as 4 days postoperatively to quantitate flow 
in the graft and the effects of pharmacologic 
agents." In most vessels, long-term measurements 
of flow have not been feasible because of the neces- 
sity of further surgery to remove the transducer. 
However, prototype versions of a cuff transducer 
that can be removed by traction on the protruding 
end have been successfully tested in animals.® The 
transducer consists of twin coiled electromagnets 
with a pliable core enclosed in a flexible silastic 
molding. 

Electromagnetic perivascular transducers have 
several advantages: (1) Velocity and flow, aver- 
aged across the cross section, can be measured in- 
stantly and continuously; (2) there is little if any 
interference with flow; (3) both forward and re- 
verse flow can be sensed; (4) calibration is linear; 
(5) frequency response is high; and (6) the trans- 
ducers are reliable, simple and rugged. A promi- 
nent disadvantage is the necessity of surgical ex- 
posure of the vessel on which the transducer is to 
be placed. The method is therefore most applicable 
to animals, and to patients during surgery. 


Catheter-Tip Techniques 


Velocity sensors: To eliminate the necessity of 
surgical exposure of the vessels, a variety of cathe- 
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 ter-tip techniques have been developed. Utilization 
of catheter-tip sensors is not new. The first mea- 
surement of phasic changes of blood flow by 
Frank“! in 1899 was accomplished by a éatheter- 
tip device. Modifications of the design and size of 
electromagnetic transducers now have made it pos- 
sible to apply eléctromagnetic transducers to the 
tip of a cardiac catheter.®?-*§ In general, such in- 
struments are capable of measuring velocity in 
large vessels??-9* or volume flow in specified ves- 
sels.°6°7 Some catheter-tip devices can measure 
both.9»9* Electromagnetic catheter-tip velocity 
"probes" have many of the general advantages of 
all electromagnetic induction techniques and, in 
addition, have the major advantage of not requir- 
ing surgical exposure of the vessel in which veloc- 
ity is being studied. Phasic velocity can be mea- 
sured instantly and continuously in both a forward 
and reverse direction. Since most velocity trans- 
ducers are as large as the cross-sectional area of a 
no. 7 catheter (diameter 2.3 mm), they are most 
suited for measurement of velocity in vessels of 
considerably greater size in order to avoid inac- 
curacies due to impingement upon flow by the in- 
traluminal device itself. 

The distinction between catheter-tip velocity 
transducers and catheter-tip flow transducers 
must be emphasized. Velocity is the ratio of flow 
to cross-sectional area. Changes in blood velocity 
are related to changes in flow only if the cross- 
sectional area of the vessel remains constant. Di- 
vergent changes between velocity and flow could 
occur if the diameter of the vessel changed. Ve- 
locity sensors consequently can be utilized as indi- 
cators of changes of flow only if studies of the par- 
ticular intervention indicate that the cross section 
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Figure 3. Effect of Valsalva maneuver on 
central aortic (Ao) velocity (top), brachial 
arterial (BA) pressure (middle) and right 
atrial (RA) pressure (bottom). Velocity was 
measured with catheter-tip transducer. 
45 During Valsalva maneuver, peak aortic 
velocity decreased concordantly with ar- 


ge terial pressure. Patient had coronary heart 
disease with increased left ventricular end- 
64 diastolic pressure of 21 mm Hg. 


of the vessel is not affected by the intervention. 
For example, coronary sinus blood velocity was 
shown to vary linearly with left circumflex coro- 
nary arterial blood flow in dogs during hypoxia 
and the administration of sympathomimetic 
drugs; however, linear changes were not demon- 
strated after the administration of nitroglycerin. 





Figure 4. Catheter flowmeter. At left, catheter is unarched; 
at right, it is arched by tension applied to wire, W, to make 
crater on left side of flow transducer snap into ostium of 
artery branch, B. Center, drawing shows device for applica- 
tion of wire tension. (Reprinted by permission of the Ameri- 
can Heart Association, Inc. from Kolin et al.) 
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Figure 5. Diagrammatic representation of method by which 
catheter-tip flowmeter has measured coronary flow. Tip of 
transducer was wedged in left circumflex (L. Circ.) coronary 
artery. (In this particular dog, the left circumflex and left 
anterior descending (LAD) coronary arteries branched di- 
rectly from the aorta.) Blood entered the side hole (arrow), 
flowed past signal electrode within the cylinder, and exited 
through the end hole. Obstruction to flow can be minimized 
if walls of cylinder are thin. (Reprinted by permission from 
Stein and Schuette.*) 


In spite of these intrinsic problems, catheter-tip 
electromagnetic velocity transducers potentially 
appear to have broad applicability. Measurement 
of phasic velocity in the superior vena cava or 
aorta permits quantitation of tricuspid” or aor- 
tic! regurgitation. Under controlled conditions, 
velocity in the coronary sinus may be used as an 
indicator of changes of coronary arterial flow.® 
The pattern of superior vena caval blood velocity 
may help distinguish between constrictive pericar- 
ditis and cardiac tamponade.” The first derivative 
of peak aortic blood velocity may be a useful in- 
dex of myocardial contractility.” Physiologic re- 
sponses such as those associated with the Valsalva 
maneuver perhaps may be better understood if ve- 
locity measurements are known (Fig. 3). 

Catheter-tip flow transducers: Ideally, mea- 
surement of the volume of flow in a vessel would 
be performed continuously, instantaneously, and 
without interference or major surgical interven- 
tion. Significant progress has been made in an ef- 
fort to attain these goals. One approach is the 
measurement of velocity of flow and simultaneous 
measurement of the diameter of the vessel by an 
independent means. Devices for measuring a ves- 
sel’s diameter have been designed for adaptation 
to the tip of a velocity-sensing catheter. One con- 
sists of calibrated extendible braces.'* Others con- 
sist of flexible metal (radiopaque) rods* or a flex- 
ible metal loop*? that can widen to the diameter of 
the vessel and permit measurement from plain 
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roentgenograms. Estimation of the diameter of the © 


vessel by arteriography has also been used satis- 
factorily for the calculation of total flow.” These 
methods, with the exception of the latter, have not 
been reported in clinical studies. 

Another approach to catheter-tip volume flow 
measurements is the employment of a fixed orifice 
on the catheter through which the entire flow to a 
vessel is caused to pass. Such devices usually have 
been designed for measurement of volume flow in 
specific vessels. One such catheter-tip transducer 
causes all flow to pass through a cylindrical tip at 
the end of the catheter by distension of a balloon 
around the cylinder.?* This method gave satisfac- 
tory results in measurement of coronary sinus flow 
in dogs.®* Subsequently, another catheter suited 
for measurement of flow in the renal or mesenteric 
arteries was developed.?' This device functioned 
by causing the side of the catheter to lodge against 
the orifice of the artery; flow passed transversely 
through a transducer located in the body of the 
catheter and then into the artery (Fig. 4). The in- 
strument, designed for measurement of flow in 
vessels that branch at nearly right angles from the 
aorta, would not be appropriate for other vessels. 
Total flow in vessels that braneh at more acute 
angles from the aorta, especially the coronary ar- 
teries, has been measured by wedging a thin wall 
cylindrical tip of the catheter into the vessel; the 
main body of the catheter remains in the aorta?" 
(Fig. 5). Obstruction to flow can be minimized if 
the walls of the cylinder are thin. The concept of a 
cylindrical tip of a catheter flow-sensing device 
wedged within a coronary artery previously has 
been used successfully in dogs.'* The method has 





CB 
Figure 6. Scheme of external field electromagnetic catheter 
blood flowmeter. A = aorta (for better visualization of 


sensor, the heart is omitted and the artery is greatly ex- 
aggerated in size). S — sensor portion of catheter (under 
optimal conditions, the plane of the loop of S is parallel to 
the plane of the magnet coil). M = magnetic coil. (Reprinted 
by permission from Kolin.®) 
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not yet been utilized for measurement of coro- 
nary flow in patients because of technical prob- 
lems related to the fabrication of a thin, flexible, 
manipulatable tip. An electromagnetic flow sensor 
mounted on a flexible frame which collapses as it 
passes through a small branch vessel and expands 
to the diameter of the main vascular trunk has 
been described which is capable of measuring vol- 
ume flow in branch vessels as well as the major 
vessels.®*:7 In contradistinction to other electro- 
magnetic catheter-tip flow sensors, the magnetic 
field with this device is provided by a large elec- 
tromagnet placed external to the subject (Fig. 6). 


Conclusion 


In 35 years, electromagnetic flowmetry has pro- 
gressed to a practical and available tool. Now, di- 


agnostic as well as physiologic studies are being 
performed with the technique, and other potential 
applications to patient care are being explored. 
Electromagnetic flowmeters are being utilized par- 
ticularly during cardiac catheterization and car- 
diovascular surgery. Quantitation of blood flow by 
electromagnetic techniques has already contrib- 
uted to the management of patients in a variety of 
circumstances. 


Acknowledgment 


I thank Dr. Edward D. Frohlich for reviewing the 
manuscript, and Drs. D. E. Gregg and A. Kolin and 
their associates for graciously permitting illustrations 
from their articles to be reproduced. 


References 


1. Kolin A: An electromagnetic flowmeter. Principle of 
the method and its application to bloodflow measure- 
ment. Proc Soc Exp Biol Med 35:53—56, 1936 

2. Wetterer E: Eine neue Methode zur Registrierung der 
Blutstrómungsgeschwindigkeit am uneróffneten Gefass. 
Z Biol 98:26-36, 1937 

3. Blood Flowmeters Symposium. IRE Trans Med Elec- 
tron, 6:207—250, 1959 

4. Jochim KE: The development of the electromagnetic 
blood flowmeter. IRE Trans Med Electron 9:228-235, 
1962 

5. Meisner H, Messmer K: Significance and limitations of 
electromagnetic blood flowmetry. Progr Surg 8:124—144, 
1970 

6. Shercliff JA: The Theory of Electromagnetic Flow Mea- 
surement. London, Cambridge University Press, 1962, 


p3 

7. Wyatt DG: The electromagnetic blood flowmeter. J Sci 
Instrum 1:1146-1152, 1968 

8. Wetterer E: Flowmeters: their theory of construction 
and operation. In, Handbook of Physiology, Vol 2, Cir- 
culation (Hamilton WF, Dow P, ed). Washington DC, 
American Physiological Society, 1963, chap 38, p 1294- 
1324 

9. Lion KS: Instrumentation in Scientific Research. Elec- 
trical Input Transducers. New York, McGraw-Hill, 1959, 
p 120-123 

10. Kolin A: An alternating field induction flow meter of 
high sensitivity. Rev Sci Instrum 16:109-116, 1945 

11. Feder W, Bay EB: The DC electromagnetic flowmeter 
and its application to blood flow measurement in un- 
opened vessels. IRE Trans Med Electron 6:240—245, 
1959 

12. Denison AB Jr, Spencer MP, Green HD: A square wave 
electromagnetic flowmeter for application to intact 
blood vessels. Circ Res 3:39—46, 1955 

13. Westersten A, Herrold G, Abbott E, et al: Gated sine 
wave electromagnetic flowmeter. IRE Trans Med Electron 
6:213-216, 1959 

14. Olmstead F: Measurement of cardiac output in un- 
restrained dogs by an implanted electromagnetic meter. 
IRE Trans Med Electron 6:210-213, 1959 

15. Cox P, Arora H, Kolin A: Electromagnetic determina- 
tion of carotid blood flow in the anesthetized rat. IRE 
Trans Med Electron 10:171-173, 1963 

16. Hainsworth R, Ledsome JR, Snow HM: Dynamic test- 
ing of electromagnetic flowmeters by mechanical and 
electronic methods. J Appl Physiol 25:469—472, 1968 

17. Ferguson DJ, Wells HS: Frequencies in pulsatile flow 
and response of magnetic meter. Circ Res 7:336-341, 


1959 

18. Arnold JS: An electromagnetic flowmeter for transient 
flow studies. Rev Sci Instrum 22:43-47, 1951 

19. Folts JD: Electronic zero for chronic application of 
electromagnetic flowmeter probes. J Appl Physiol 
28:237—241, 1970 

20. James WG: An induction flowmeter design suitable for 
radioactive liquids. Rev Sci Instrum 22:989—1002, 1951 

21. Wyatt DG: Problems in the measurement of blood flow 
by magnetic induction. Phys Med Biol 5:289—320, 369- 
399, 1961 

22. Kolin A: Electromagnetic blood flow meters. Science 
130:1088-1097, 1959 

23. Elliott SE, Hoffman JIE, Guz A: An electromagnetic 
flowmeter for simultaneous measurements of pulmo- 
nary arterial and aortic blood flows in the conscious 
animal. Med Biol Engin 1:323—331, 1963 

24. Henry WL, Ploeg C, Kountz SL, et al: An improved hy- 
draulic vascular occluder for chronic electromagnetic 
blood flow measurements. J App! Physiol 25:790-792, 
1968 

25. Khouri EM, Gregg DE: An inflatable cuff for zero de- 
terminations in blood flow studies. J Appl Physiol 23: 
395—397, 1967 

26. Eckstein RW, Driscol TE: Technique for temporary or 
chronic vascular occlusion or narrowing in intact ani- 
mals. Proc Soc Exp Biol Med 112:318—319, 1963 

27. Jacobson ED, Swan KG: Hydraulic occluder for chronic 
electromagnetic blood flow determination. J Appl Physiol 
21:1400-1402, 1966 

28. Weber KC, Engle JC, Lyons GW, et al: In vivo calibra- 
tion of electromagnetic flowmeter probes on pulmonary 
artery and aorta. J Appl Physiol 25:455—460, 1968 

29. Khouri EM, Gregg DE: Miniature electromagnetic flow- 
meter applicable to coronary arteries. J Appl Physiol 
18:224—227, 1963 

30. Brunsting JR, ten Hoor F: Factors preventing accurate 
in vitro calibration of noncannulating electromagnetic 
flow transducers. In, New Findings in Blood Flowmetry 
(Cappelen C Jr, ed). Oslo, Universitetsforlaget, 1968, 
p 107-111 

31. Roberts VC:  Hematocrit variations and electromag- 
netic flowmeter sensitivity. Biomed Engin 4:408—412, 
1969 

32. Ferguson DJ, Landahl HD: Magnetic meters: effects 
of electrical resistance in tissues on flow measurements 
and an improved calibration for square-wave circuits. 
Circ Res 19:917—929, 1966 

33. Dennis J, Wyatt DG: Effect of hematocrit value upon 
electromagnetic flowmeter sensitivity. Circ Res 24:875— 


34. 


35. 


36. 


3r. 


38. 


39. 


40. 


41. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


50. 


Sh 


52. 


53. 


54. 


35. 


56. 


886, 1969 

Bond RF: In vivo method for calibrating electromag- 
netic flowmeter probes. J Appl Physiol 22:358—361, 
1967 

Beck R, Morris JA, Assali NS: Calibration character- 
istics of the pulsed-field electromagnetic flowmeter. 
Amer J Med Electron 4:87—91, 1965 

Spencer MP, Denison AB Jr: The square-wave electro- 
magetic flowmeter: theory of operation and design of 
magnetic probes for clinical and experimental appli- 
cation. IRE Trans Med Electron 6:220—228, 1959 
Edgerton RH: The effect of arterial wall thickness and 
conductivity on electromagnetic flowmeter readings. Med 
Biol Engin 6:627—636, 1968 

Dobson A, Sellers AF, McLeod FD: Performance of a 
cuff-type blood flowmeter in vivo. J Appl Physiol 21: 
1642-1648, 1966 

Case RB, Roselle HA, Nassar ME: Simplified method 
for calibration of electromagnetic flowmeter. Med Res 
Engin 5:38-40, 1966 

Katz LN, Jochim K: Electromagnetic flowmeter. In, 
Medical Physics. (Glasser O, ed), Chicago, Year Book 
Publication, 1944, p 377—379 

Kayser KL: Performance characteristics of two com- 
mercial blood flowmeters. Amer J Med Electron 4:113- 
116, 1965 

Cappelen C Jr, Hall KV: The great saphenous vein 
used in situ as an arterial shunt after vein valve extirpa- 
tion. Acta Chir Scand 128:517—525, 1964 

Shipley RC, Gregg DE: The effect of external constric- 
tion of a blood vessel on blood flow. Amer J Physiol 
141:289—296, 1944 


. Katz LN, Kolin A: The flow of blood in the carotid ar- 


tery of the dog under various circumstances as deter- 
mined with the electromagnetic flowmeter. Amer J 
Physiol 122:788—804, 1938 

Kolin A, Kado RT: Miniaturization of the electromag- 
netic blood flow meter and its use for the recording of 
circulatory responses of conscious animals to sensory 
stimuli. Proc Nat Acad Sci USA 45:1312-1321, 1959 
Clark DM, Wyatt DG: An improved perivascular elec- 
tromagnetic flowmeter. Med Biol Engin 7:185—190, 1969 
Gregg DE, Fisher LC: Blood supply to the heart. In, 
Handbook of Physiology, Vol 2, Circulation (Hamilton 
WF, Dow P, ed). Washington DC. American Physiology 
Society, 1963, p 1517-1537 

Griggs DM Jr, Nakamura Y, Leunissen RLA, et al: Auto- 
perfused cannula to facilitate measurement of coronary 
flow. Med Res Engin 7:30—33, 1968 

Mesel E: Transducer for direct measurement of shunts 
in experimental ventricular septal defects. J Appl Physiol 
28:380—382, 1970 

Williams BT, Worman RK, Jacobs RR, et al: An in vivo 
study of blood flow patterns across the normal mitral 
valve. J Thorac Cardiovasc Surg 59:824—829, 1970 
Golding AL, Cannon JA: Application of electromagnetic 
blood flowmeter during arterial reconstruction. Ann Surg 
164:662—667, 1966 

Schenk WG Jr, Menno AD, Andersen MN, et al: Applica- 
tion of the electromagnetic flowmeter to vascular studies 
in human patients. Surgery 48:211—220, 1960 

Cordell AR, Hudspeth AS, Johnston FR: Clinical blood 
flow measurement. Evaluation of a current method. Ann 
Surg 167:779—785, 1968 

van Heerden JA, Bernatz PE, Clark MR: Application of 
the square-wave electromagnetic flowmeter to clinical 
surgery. Mayo Clin Proc 44:184—192, 1969 

Cannon JA, Lobpreis EL, Herrold G, et al: Experience 
with a new electro-magnetic flow-meter for use in blood- 
flow determinations in surgery. Ann Surg 152:635—647, 
1960 


Cappelen C Jr, Hall KV: Intra-operative blood flow mea- 


OF: 


58. 


59. 


60. 


61. 


62. 


63. 


65. 


66. 


67. 
68. 


69. 


70. 


71. 


7e. 


73. 


74. 


75. 


76. 


77. 


78. 


VELOCITY AND FLOW MEASUREMENTS 


surements with electromagnetic flowmeter. Progr Surg 8: 
102—123, 1969 

Ekestróm S: Continuous flow-measurement during re- 
construction of the carotid artery. Scand J Thorac 
Cardiovasc Surg 2:51—56, 1968 

Fróysaker T: Preoperative flowmetry of the superior 
vena cava. Scand J Thorac Cardiovasc Surg 4:76-79, 
1970 

Hall KV: Postoperative blood flow measurements in 
man by the use of implanted electromagnetic probes. 
Scand J Thorac Cardiovasc Surg 3:135-144, 1969 
Williams BT, Barefoot C, Schenk WG Jr: A removable 
electromagnetic flow probe: Preliminary report. Rev Surg 
(Phila) 26:227—228, 1969 

Frank O: Die Benutzung des Prinzips der Pitot'schen 
Róhrchen zur Bestimmung der Blutgeschwindigkeit. Z 
Biol 37:1, 1899. Quoted in Ref 8 

Bond RF, Barefoot CA: Evaluation of an electromag- 
netic catheter tip velocity-sensitive blood flow probe. J 
Appl Physiol 23:403—409, 1967 

Kolin A: A racial field electromagnetic intravascular 
flow sensor. IEEE Trans Biomed Engin 16:220—221, 
1969 

Mills CJ, Shillingford JP: A catheter tip electromagnetic 
velocity probe and its evaluation. Cardiovasc Res 1:263- 
273, 1967 

Stein PD, Schuette WH: New catheter-tip flowmeter with 
velocity flow and volume flow capabilities. J Appl Physiol 
26:851—856, 1969 

Lochner W, Oswald S: Eine elektromagnetische Strom- 
uhr zur Messung des Coronarsinussausflusses. Pflueger 
Arch Ges Physiol 281:305—308, 1964 

Kolin A, Archer JD, Ross G: An electromagnetic cathe- 
ter-flowmeter. Circ Res 21:889—899, 1967 

Kolin A: A new approach to electromagnetic blood flow 
determination by means of catheter in an external mag- 
netic field. Proc Nat Acad Sci USA 65:521—527, 1970 
Stein PD, Badeer HS, et al: Velocity of coronary sinus 
blood flow as an indicator of coronary arterial flow. Amer 
Heart J 80:202—209, 1970 

Miller O, Shillingford J: The blood flow in the right 
atrium and superior vena cava in tricuspid incompe- 
tence. Brit Heart J 17:163—168, 1955 

Nolan SP, Fisher RD, Dixon SH Jr, et al: Quantification 
of aortic regurgitation with a catheter tip velocitometer. 
Surgery 65:876—883, 1969 

Shabetai R, Bowles S: The dynamics of cardiac com- 
pression: A flowmeter study of the differences between 
constrictive pericarditis and cardiac tamponade (abstr). 
Amer J Cardiol 25:127—128, 1970 

Noble MIM, Trenchard D, Guz A: Left ventricular ejec- 
tion in conscious dogs. 1. Measurement and significance 
of the maximum acceleration of blood from the left 
ventricle. Circ Res 19:139—147, 1966 

Pieper HP, Paul LT: Catheter-tip gauge for measuring 
blood flow velocity and vessel diameter in dogs. J Appl 
Physiol 24:259—261, 1968 

Neufeld HN, Leibinsohn SH, Goor D, et al: A new 
method of measuring the diameter of blood vessels in 
vivo. Lancet 1:1002-1004, 1965 

Kolin A, Grollman JH Jr, Steckel RJ, et al: Determina- 
tion of arterial blood flow by percutaneously introduced 
flow sensors in an external magnetic field. 2. Implemen- 
tation of the method in vivo. Proc Nat Acad Sci USA 68: 
29—33, 1971 

Gabe IT, Gault JH, Ross J Jr, et al: Measurement of 
instantaneous blood flow velocity and pressure in con- 
scious man with a catheter-tip velocity probe. Circulation 
60:603—614, 1969 

Pieper HP: Catheter-tip flowmeter for coronary arterial 
flow in closed-chest dogs. J Appl Physiol 19:1199—-1201, 
1964 


Case Reports 


Asymptomatic Rapid Ectopic Tachycardia Induced by 
and Persisting During Prolonged Exertion 


HAROLD L. RUTENBERG, MD 
LOUIS A. SOLOFF, MD 


Philadelphia, Pennsylvania 


From the Division of Cardiology, Depart- 
ment of Medicine, Temple University 
Health Sciences Center, Philadelphia, Pa. 
This investigation was supported by the 
Council for Tobacco Research, U. S. A. and 
U. S. Public Health Training Grant HE- 
05712. 

Address for reprints: Harold L. Ruten- 
berg, MD, Temple University Health Sci- 
ences Center, 3401 N. Broad St., Philadel- 
phia, Pa. 19140. 


A case is reported of a 39 year old healthy man who has a prolonged 
and unusual tachycardia, probably ventricular or atrioventricular 
junctional with aberration, with a rate of 214/min, during strenuous 
exertion in the upright position. This arrhythmia occurs whenever 
the exertion produced is vigorous enough to evoke a sinus tachy- 
cardia of 180/min and persists until the exertion is decreased and 
the sinus rate decreases below 180 /min. The patient is free of cardiac 
symptoms both at rest and while running several miles daily during 
which time the unusual tachycardia is almost constantly present. 
There are no significant S-T segment changes during or after ex- 
ercise. 


Paroxysmal ventricular tachyeardia has been reported in per- 
sons with otherwise normal hearts!" and may produce no symp- 
toms if the attack is brief and occurs at rest; but symptoms, fre- 
quently incapacitating, occur if the attack is prolonged and initi- 
ated by physical activity. This report concerns a man who invari- 
ably experiences an unusual tachycardia, probably ventricular or 
atrioventricular (A-V) junctional with aberration, during vigor- 
ous exertion without untoward symptoms and, indeed, feels re- 
freshed afterward, even though the ventricular rate during exer- 
tion may be as high as 214/min and the arrhythmia persists as 
long as vigorous activity is maintained (18 to 30 minutes). 


Case History 


The subject is a 39 year old man who was referred to one of us be- 
cause his electroeardiogram disclosed occasional premature ventricular 
complexes and minor T wave inversions in the lateral precordial leads. 
He was free of cardiac symptoms and ran several miles each morning 
without any difficulty. The family history revealed no heart disease. 

Physical examination and X-ray study of the chest were normal. The 
initial electrocardiogram (Fig. 1) revealed flattened T waves in the 
limb leads with slight terminal inversions in the lateral precordial 
leads V; and V,. Results of a 2-step Master's exercise test were nega- 
tive, and the exercise produced neither fatigue nor dyspnea. However, 
occasional premature ventricular contractions were noted singly or in 
sequence (Fig. 1). 

A Holter apparatus!? was used to monitor the patient's electrocar- 
diogram (Avionies Research Products Corp.), during a typical 10 hour 
period and particularly during his running period in the morning. 
Again, no symptoms were revealed. Prior to his running, the electro- 
cardiogram again displayed occasional premature ventricular complexes. 
During exertion, the ectopic beats increased in frequency and occurred 
in sequence as the normal sinus rate increased from 110 to 170/min. 
When the sinus rate reached 180/min a rapid and slightly irregular 
arrhythmia appeared at a rate of 214/min and persisted throughout the 
remainder of the running period, approximately 18 minutes. This ar- 
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Figure 1. Initial resting electrocardiogram 
(above) and after Master's exercise test 
(below). Note the 2 successive premature 
ventricular contractions occurring imme- 
diately after exercise and the nonspecific 
T wave abnormality that appears before 
and after exertion. 


rhythmia was interpreted as ventricular tachycardia 
with occasional ventricular capture beats (Fig. 2). Nor- 
mal sinus tachycardia at a rate slightly less than 180/ 
min appeared immediately after running, interrupted 
by recurrent premature contractions, occasionally in se- 
quence, and short runs of the tachycardia, 

In an attempt to delineate the precise mechanism of 
the arrhythmia, he walked on a treadmill successively 
for 1 minute at a rate of 2, 3 and 4 miles/hour and 
then at 5 miles/hour at a 5° incline for 15 minutes. The 
ectopic tachycardia of 214/min reappeared, preceded 
and followed by a sinus tachycardia with a maximal 
rate of 180/min without alteration of the S-T segment 
(Fig. 3). 

The patient was, further studied in the following 
manner: A bipolar electrode catheter was inserted into 
the left antebrachial vein after proper surgical prepa- 
ration, and the catheter advanced into the superior por- 
tion of the right atrium. An intraatrial electrocardio- 
gram and simultaneous lead V; were recorded during 
supine exercise using a bicycle ergometer for 15 min- 
utes at the highest work load, 2,800 ft lb/min. Occa- 
sional ectopic ventricular beats occurred, but not nearly 
as frequently as noted during upright exercise (Fig. 4). 
However, the sinus rate never surpassed 110/min dur- 
ing supine exercise. 
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Figure 2. Continuous rhythm strip (37 
seconds) representative of the arrhythmia 
which was present for 18 minutes during 
strenuous exertion. There is an ectopic 
tachycardia, rate 214/min, with occasional 
ventricular capture. 
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The bipolar electrode was next used as a right atrial 
pacemaker, stimulating the right atrium near the junc- 
tion of the atrium and the superior vena cava. How- 
ever, the atrium could not be paced at a rate greater 
than 125/min without some degree of A-V block oc- 
curring, thus again preventing the rapid rate which 
seemingly was necessary as a prelude to the appearance 
of the ectopic tachycardia. 

Finally, with the catheter fixed in place at the ante- 
brachium so that the electrode would remain at the 
high right atrium level, the patient was allowed to 
stand and then to exercise on the treadmill at the same 
rate and incline as had been done previously. The right 
atrial electrocardiogram and simultaneous lead V; were 
recorded continuously and when the sinus tachycardia 
reached a rate close to 180/ min the ventricular prema- 
ture beats became more frequent and were then re- 
placed by long runs of the ectopic tachycardia, again 
without producing symptoms (Fig. 5 and 6). 


Discussion 
Because high grade sinus tachycardia with sub- 
sequent development of the ectopic tachycardia 
éould not be produced by vigorous exercise in the 
supine position, it was not possible to obtain His 
bundle recordings during the ectopic tachycardia. 
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Figure 3. Representative rhythm strips 
recorded during treadmill exercise show- 
ing paroxysmal tachycardia with occa- 
sional ventricular capture at a sinus rate 
of 175 to 180/min. Note the compensatory 
pause between the ectopic arrhythmia and 
ventricular captures. 


Figure 4. Simultaneous intraatrial and V; 
electrocardiogram. Arrows denote atrial 
depolarization. Note that the direction of 
the initial deflection of ectopic QRS com- 
plexes in lead V; is opposite to that of the 
initial deflection of the normally conducted 
QRS complex. Alsc note the presence of 
2 ectopic beats occurring in succession 
between 2 normally depolarized atrial com- 
plexes, as well as the compensatory 
pauses following the ectopic complexes. 


Figure 5. Simultaneous intraatrial and 
lead V; electrocardiogram during treadmill 
exercise. Paroxysmal ectopic tachycardia, 
ventricular or A-V junctional with aberra- 
tion in origin. Note the independent atrial 
and ventricular depolarization and com- 
pensatory pause following the last ectopic 
beat of the series. 


Figure 6. Two representative strips show- 
ing ectopic tachycardia during treadmill 
exercise. Simultaneous lead V; (above) and 
intraatrial lead (below) in each strip. Note 
the independent atrial and ventricular de- 
polarization. 





For this reason, a precise mechanism of the tachy- 
cardia is open to question. However, there are 
many features that strongly favor the diagnosis of 
ventricular tachycardia. 

The presence of numerous premature ventricu- 
lar complexes, frequently in succession, the initia- 
tion of the tachycardia with an Abnormal ventricu- 
lar complex, the close resemblance between the 
configuration of the isolated premature ventricu- 
lar complexes and those present in the ectopic 
tachycardia, compensatory pauses between the last 
ectopic QRS complex of the tachycardia and the 
subsequent normal sinus conducted ventricular 
complex, the presence of slight variations in the 
QRS complexes which could be due to superim- 
posed P waves or possible fusion beats, and the in- 
dependent atrial complexes noted on intraatrial 
electrocardiogram, all suggested the diagnosis of 
ventricular tachycardia. In addition, the initial de- 
flection of the premature ventricular complexes in 
lead V; is opposite in direction to that of the nor- 
mally conducted beat, a finding also favoring the 
diagnosis of ventricular tachycardia. Nonetheless, 
we acknowledge that a definitive diagnosis of the 
arrhythmia cannot be made without His bundle re- 
cordings. Easley and Goldstein’? have reported 
the use of competitive atrial pacing as an aid in 
differentiating ventricular tachycardia from junc- 
tional tachycardia with aberrant conduction, but 
that technique did not help us since we were not 
able to pace the atria at a faster rate than 125/ 
min. 

Although paroxysmal ventricular tachycardia 
occurs most commonly in the presence of serious 
heart disease, in a substantial number of cases, 
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approximately 10 to 12 percent in some of the 
larger series,"? no apparent heart disease is pres- 
ent. In some of the reported cases,?5:5-1° as in ours, 
the onset of the paroxysm of ventricular tachycar- 
dia was clearly related to exercise and the attain- 
ment of a rapid sinus tachycardia. Our patient is of 
exceptional interest because he had no symptoms, 
despite the exceptionally rapid rate, the strenuous 
exertion and the long duration of the arrhythmia. 
Completion of exercise was never induced by 
symptoms but was related only to the completion 
of the chore or task which the patient had set out 
to do. 

Our patient offers a therapeutic dilemma. By his 
own admission, he has never felt better or ever 
been in better physical condition. Decreasing his 
morning exercise made him unhappy, “sluggish 
and irritable.” If it is possible that cessation of ex- 
ercise could decrease the efficiency of skeletal mus- 
cle metabolism previously conditioned by the exer- 
cise, then the onset of a future paroxysm of the 
ectopic tachycardia due to a sudden, unaccustomed 
exertion might conceivably result in serious symp- 
toms. 

There is a correlation between the presence of 
ectopic ventricular beats in asymptomatic persons 
and the presence of coronary heart dis2zase,'*:'° and 
our patient has shown minor T wave change in the 
resting electrocardiogram. Nevertheless, his abil- 
ity to undergo strenuous exertion with no symp- 
toms, with an ectopic tachycardia of 214/min and 
without significant changes in the S-T segment 
during rapid sinus tachycardia or after exertion, 
argues against the presence of underlying heart 
disease, particularly coronary artery disease. 
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A man with congenital complete heart block has been followed up 
for 25 years to age 48. His progress, present clinical condition and 
response to exercise, are described. The study emphasizes the excel- 
lent prognosis in congenital complete heart block, provided there is 
no associated congenital structural heart disease, the QRS complexes 
are supraventricular in configuration, and the condition is not fa- 
milial. 


A unique opportunity to review the natural history of congenital 
complete heart block over a period of 25 years in a trained pilot 
now aged 48 years prompted this communication. Because the 
prognosis in congenital complete heart block differs strikingly 
from that in acquired heart block,'-? awareness of the natural his- 
tory and criteria for the clinical diagnosis of congenital complete 
heart block is essential. The following casé is presented to pro- 
vide further information on the natural history of congenital 
complete heart block, as well as to discuss the clinical diagnosis 
and response to exercise in this condition. 


Case Presentation 


The patient, who is now a 48 year old man, has been under periodic 
study by one of us since 1945 because of complete heart block. He was 1 
of 3 normal children; his 2 sisters are alive and well and have normal 
electrocardiograms. His mother, aged 72 years, has a normal electro- 
cardiogram. His father died at age 68 years of leukemia; no electrocar- 
diograms were available. There is no history of rheumatic fever or 
other infectious disease known to be associated with heart block. The 
patient enjoyed an active childhood. His mother first became aware of 
his slow pulse when he was 10 years old. 

In 1941, at age 19 years, he was eonsidered medically fit for aircrew 
duties with the Royal Canadian Air Force (R.C.A.F.). The heart rate 
documented during his first 4 years of service ranged from 46 to 56 
beats/min. On examination in 1945 at age 23 years, his height was 66 
inches and weight 139 lb; heart rate was 48/min and blood pressure 
130/68 mm Hg. There was a faint systolic murmur at the apex which 
varied with respiration. In the supine position, a pulmonary systolic 
murmur was also heard. Chest roentgenogram revealed normal heart 
size and contour. Electrocardiogram showed complete heart block (Fig. 
1). Following exercise, 50 minutes after subcutaneous injection of atro- 
pine, 0.02 grain, the ventricular rate was 60/min ; the atrial rate, which 
was 83/min at rest, increased to 115/min. The subject was exposed to 
a simulated altitude at 22,000 feet in a standard R.C.A.F. decompres- 
sion chamber and exhibited a normal response. He also showed a normal 
tolerance for gravity.!? In 1952 he began to fly jet aircraft and subse- 
quently completed an advanced jet fighter course. At age 33 years it was 
ruled that he be removed from combat flying, and for the past 15 years 
he has been engaged in nonflying activities. However, he leads an ac- 
tive life and participates in competitive sports without cardiovascular 


Figure 1. Resting electrocardiogram in 
1945 showing complete heart block. Atrial 
rate is 74, ventricular rate 44 /min. 


symptoms. In 1963, he underwent a submucous resec- 
tion under general anesthesia, and at a later date a 
hemorrhoidectomy ; both procedures were uneventful. 

When examined on June 15, 1970 at age 48, he cate- 
gorically denied syncopal episodes, dizziness, weakness, 
angina, dyspnea or palpitation. He was receiving no 
medication. Height was 66 inches, weight 152 pounds, 
blood pressure 150/86 mm Hg in right and left arms, 
and pulse 52 regular and of full volume. Inspection of 
the internal juguler veins revealed A waves at a rate 
of 70/min and occasional cannon A waves. The apex 
beat was palpable in the fifth interspace 10.5 cm. lateral 
to mid-line. There were no thrills. The first heart sound 
varied in intensity; the second heart sound was nor- 
mal. A grade 2/6 systolic ejection murmur was present 
at the second left interspace at the costal margin; the 
murmur decreased when the patient was examined in 
the sitting position and was accentuated immediately 
after exercise. The liver was not palpable. All periph- 
eral pulses were full and symmetrical. The electrocar- 
diogram showed complete heart block (Fig. 2). The ven- 
tricular rate was 52/min, and the QRS complexes were 
supraventricular in type. Chest roentgenogram (Fig. 
3) revealed a normal cardiac silhouette and normal pul- 
monary vasculature. 

On June 16, 1970 the patient performed a progressive 
exercise test using the bicycle ergometer, with continu- 
ous electrocardiographic monitoring. The work load 
was gradually inereased to 900 kilopondmeters, and the 





Figure 2. Resting electrocardiogram in 
1970 showing complete heart block. Atrial 
rate is 96, ventricular rate 52/min. 
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atrial and ventricular rates increased (Table I). Con- 
tinuous electrocardiographic monitoring during and af- 
ter exercise showed that complete atrioventricular 
(A-V) block persisted throughout. No angina, weak- 
ness or syncopal episodes were present, 


Discussion 


The survival rate in complete heart block is 
largely dependent on etiologic factors. In contrast 
to acquired complete heart block, the prognosis in 
congenital complete heart block is excellent, pro- 
vided there is no associated congenital structural 
heart disease, the QRS complexes are supraven- 
tricular in configuration, and the condition is not 
familial.-? Campbell and Emanuel? followed up 5 
patients with congenital complete heart block 
without associated structural anomalies for 34 to 
40 years; the patients were between 47 and 67 
years of age at the time of their report. In 1, essen- 
tial hypertension had developed; the remaining 4 
were leading normal active lives. The only patient 
to experience Stokes-Adams attacks had them fre- 
quently in infancy, but only occasionally later on. 
In another, complete heart block changed to first 
degree heart block betwen the ages of 35 and 42 
years, and for the last 12 years of observation the 
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Figure 3. Chest roentgenogram in 1970. The heart shadow 
is normal in size; cardiothoracic rate is 14.0/32.5 cm. 


subjeet had not had complete heart block. Benja- 
min and White* reported on 2 women each known 
to have complete heart block for 35 years. One was 
aged 58 and fully active at the time of their report ; 
the second patient died suddenly at age 57 years, 
and Lev et al.!! have reported the results of the his- 
topathologic study of the conductive system. This 
patient had experienced episodes of atrial flutter 
with a high grade A-V block. Nakamura and 
Nadas? reviewed the medical records of the Chil- 
dren's Hospital Medical Center in Boston between 
1938 and 1963. They were certain no associated 
congenital heart disease was present in 11 of the 
61 patients reported; 1 of the 11 died of a Stokes- 
Adams attack during the followup period, which 
averaged 814 years. 

Criteria for diagnosis: The criteria established 
by Yater!? for the diagnosis of congenital heart 
block were: (1) A-V block proved by graphic 
methods in young persons; (2) bradycardia noted 
at an early age; (3) absence of a history of infec- 
tious disease such as diphtheria, rheumatism or 
syphilis, which may be responsible for postnatal 


TABLE | 


Results of Progressive Exercise Test 





Atrial Ventricular Blood 
Time Rate Rate Pressure 
Condition (min) ^ (beat/min) (beat/min) (mm Hg) 
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Rest 0 70 45 165/90 
300 kpm 3 100 78 210/100 
600 kpm 3 128 96 200/110 
900 kpm 2 155 110 210/110 
Recovery 1 112 64 Y 
Recovery 3 110 50 165/88 
Recovery 5 96 48 : 
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heart block; and (4) the presence of congenital 
heart disease or syncopal attacks, or both, during 
childhood. Campbell and associates'? have chal- 
lenged the concept that associated congenital car- 
diac malformations are essential for the diagnosis 
of congenital heart block. Several studies^7.19.1* of 
patients with congenital complete heart block have 
established that no associated congenital cardiac 
malformations need be present. Although Stokes- 
Adams attacks are more frequent in patients with 
congenital complete heart block who have wide 
QRS complexes and relatively slow ventricular 
rate,?.5.5? they have been reported in patients with 
congenital complete heart block whose QRS com- 
plexes are supraventricular in configuration.?:5 

Response to exercise: Most patients with con- 
genital complete heart block without associated 
structural cardiac malformation lead normal and 
active lives.?/*5:19 The normal response to exercise 
involves an integrated adjustment of heart rate 
and stroke volume. Ikkos and Hanson" described 
the hemodynamic and electrocardiographic re- 
sponse to graded exercise in 11 patients with con- 
genital complete A-V block. During exercise, all 
patients showed increases in both atrial and ven- 
tricular rates. The ventricular rate observed dur- 
ing exercise ranged between 68 and 130/min. No 
correlations were found between increases in ven- 
tricular rate during exercise and resting rate, 
atrial rate or heart size. The atrial rate during ex- 
ercise increases almost stepwise with increasing 
working loads, but a stepwise increase in ventricu- 
lar rate was found in only a few cases. In their re- 
view of the hemodynamics of congenital heart 
block, Scarpelli and Rudolph!* pointed out that the 
effects of sympathetic activity are considerably 
more pronounced than those of parasympathetic 
activity. Although exercise generally resulted in a 
significant increase in ventricular rate in patients 
with congenital heart block, it is unusual for the 
ventricular rate to exceed 100 to 130/min.5:413-15.16 
The cardiac output in congenital heart block is 
usually normal despite a reduction in ventricular 
rate; this is accomplished by an increased stroke 
volume., 8 

Diagnosis in present case: In 1956 Mathewson 
and Harvie" first reported on the patient with con- 
genital complete heart block described herein; he 
had then been followed up for 10 years. He has 
now been followed up for 25 years to age 48 and 
throughout this long period of observation has re- 
mained asymptomatic and fully active. He has no 
clinical or radiographic evidence of an associated 
congenital cardiac abnormality, and has never 
experienced a Stokes-Adams attack. There is no 
history of infectious disease, either in the mother 
during pregnancy or in the patient during infancy 
and childhood, known to be associated with the de- 
velopment of heart block. The QRS complexes are 
supraventricular in type, and the ventricular rate 


(S 


is approximately 50/min; these electrocardio- 
graphic findings support the statement that the 
heart block in this patient is congenital.!3.7.813 A 
slow pulse was noted by the mother when he was 
10 years old, and electrocardiographie documenta- 
tion was provided when he was 19 years old. Al- 
though unequivocal evidence for the congenital na- 
ture of complete heart block requires that the diag- 
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nosis be made before or shortly after birth, the 
presence of a slow pulse in childhood, the absence 
of assoclated structural heart disease or Stokes- 
Adams attacks, and the subsequent electrocardio- 
graphic evidence of complete heart block with a 
relatively rapid ventricular rate and supraventric- 
ular QRS configuration, justify the diagnosis of 
congenital complete heart block in this case. 
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Congenital complete heart block in adults is uncommon. The inci- 
dence of associated congenital heart disease is low and life expec- 
tancy is reported to be normal. Eight patients with this disturbance of 
conduction but without heart disease are described. Five experienced 
Adams-Stokes syncope. Three required permanent pacemakers, 2 be- 
cause of potentially lethal arrhythmias and 1 because of decreasing 
cardiac output associated with deceleration of the basic junctional 
pacemaker. An additional 2 patients required temporary pacing be- 
cause of Adams-Stokes episodes near term pregnancy. A possible 
mechanism for the arrhythmias and clinical deterioration is consid- 
ered. Although longevity of these patients is not denied, it is apparent 
that complications may develop unpredictably throughout their life- 
time. 


Pathologie studies now suggest that in many instances congenital 
complete heart block may represent an anatomic separation of 
conduction fibers in the central fibrous body of the heart! causing 
interruption of impulses through the atrioventricular ( A-V ) node. 
In a small number of patients His bundle recordings have identi- 
fied that the dominant pacemaker arises in junctional tissue either 
near the A-V node or in the bundle of His?? and an electrocardio- 
gram typical of congenital complete heart block has been produced 
by pacing of the bundle of His? 

In spite of the failure of sequential A-V conduetion, many re- 
ports have documented prolonged survival of patients. Campbell 
and Emmanuel! followed up 6 adult patients for 34 to 40 years. 
Five had an uncomplicated course, and only 1 had Adams-Stokes 
attacks. These occurred intermittently over a period of 48 years 
with as much as 19 years separating individual episodes. Pa- 
tients surviving into the sixth and seventh decades have been de- 
scribed.** Normal physical working capacity with strenuous ex- 
ercise testing has been reported by Mathewson and Harvie.’ A pa- 
tient cited by Gazes et al.5 tolerated 6 deliveries without hemody- 
namic or electrical deterioration. The mechanism of death in adult 
patients with congenital complete heart block has seldom been 
documented.? 

The longevity of adult patients is assumed to be due to several 
causes: (1) the presence of an accelerated junctional pacemaker 
site under autonomic control; (2) the stability of this pacemaker 
without the emergence of idioventricular foci; (3) continued and 
appropriate hemodynamic responses to stress and exercise; and 
(4) the infrequency of congenital heart disease. 

This report describes 8 adults with assumed congenital com- 
plete heart block but without congenital or acquired cardiovascu- 
lar disease (Table I). Only 3 subjects were without important 


TABLE I 


LONGEVITY IN CONGENITAL A-V BLOCK 


Clinical Summaries of 8 Adults with Congenital Complete Heart Block 


Kee n S: 


Heart Rate 


Age Age at (beats/min) QRS 


Case (yr) &  Diagnosis* 


Duration Low 


Electrocardiographic 
Features Comment 


DINS M C S UU PU E EIE ec RC MC CC DR E CEDERE 


no. Sex (yr) A V .(sec) Syncope Output 

1 52F 28 80 68 0.08 + — 
73 341 

2 44F 7 86 381 0.08 + + 

3 43F 4 67 42+ 0.08 + — 

4 35F 2 72 57 0.07 -— — 

5 31F 3 84 62 0.08 — =- 

6 29F 1 79 681 0.08 + — 

7 28F 6 64 421 0.08 + — 
75 68 

8 20M Inf. 85 73 0.07 -= — 


Profound bradycardia at 


Progressive slowing of ven- Psychotic; temporary pacing at time 


tricular rate; ventricular 
fibrillation 


of surgery to remove abdominal 
hemangiopericytoma; permanent 
pacing subsequent to spontane- 
ous ventricular fibrillation 


Progressive slowing of ven- Permanent synchronous pacing for 


tricular rate low cardiac output symptoms 


Mechanism of syncope not Permanent pacing (fixed-rate, later 


documented synchronous) for recurrent 
Adams-Stokes syncope 

Two normal deliveries; 
asymptomatic 


Successful delivery; asymptomatic 


Ventricular asystole atterm; Temporary transvenous pacing at 


ventricular tachycardia term 
with exercise 
Prophylactic transvenous pacing at 
30th week of gestation term 
Asymptomatic 





* By typical electrocardiogram or first record of persistent bradycardia. 


t Rate before pacing. 
A = atrial; inf. = infancy; V = ventricular. 


symptoms. Although congenital heart block is ad- 
mittedly consistent with long life, it clearly is not 
a benign condition and may at times rival acquired 
heart block in the severity of complications. 


Description of the Sample 


A number of conditions must be fulfilled before a 
diagnosis of congenital heart block without structural 
heart disease can be made, since in adult patients fi- 
brosis of the conduction system can occur at any age!9 
and this and cther influences may mimic congenital 
block. In this group of 8 patients cardiac medication, 
heart surgery and inflammatory myocarditis were first 
excluded as causes. Second, structural heart disease 
was ruled out by cardiac catheterization in 4 patients 
and ruled out clinically in the remainder on the basis 
of a normal chest roentgenogram and normal cardiac 
findings on physical examination. Third, in all subjects 
the electrocardiogram showed complete A-V dissocia- 
tion without evidence of capture by sinus impulses, an 
accelerated junctional pacemaker producing normal- 
appearing QRS complexes at rates from 45 to 80/min 
at rest and increasing with effort and administration of 
amyl nitrite. Fourth, in 4 patients the diagnosis was 
confirmed by electrocardiograms recorded in infancy 
or within the first 2 years of life. In the other 4 the 
diagnosis was presumed because of a long history of 
bradycardia and typical electrocardiographic changes. 


Case Summaries 


Case 1: A 52 year old schizophrenic woman was 
hospitalized for evaluation of a left flank mass in Au- 


gust 1968. Bradycardia had been identified for approxi- 
mately 25 years. A routine preoperative electrocardio- 
gram showed complete heart block, a ventricular rate 
of 68/min and was consistent with congenital complete 
heart block. The patient’s history was unreliable, yet 
she mentioned frequent dyspnea and syncopal episodes. 
Right and left heart catheterization was performed and 
excluded intracardiac left to right shunting, corrected 
transposition of the great vessels and valvular disease. 
A temporary transvenous pacemaker was inserted and 
surgery performed. A large tumor identified as an 
hemangiopericytoma was removed. Pacing was discon- 
tinued 48 hours after operation. 

Within the next 4 months the patient was twice hos- 
pitalized for surgical repair of a flank defect caused by 
operation and subsequent irradiation. A progressive 
decrease in ventricular rate was observed during elec- 
trocardiographic monitoring, but pacing was not insti- 
tuted. In September 1969, the patient was readmitted 
because of sudden syncope. The admission electrocar- 
diogram revealed a ventricular rate of 34/min with 
multifocal ectopic impulses (Fig. 1). Circulatory arrest 
due to ventricular fibrillation occurred 4 hours later. 
After emergency resuscitation, a temporary transve- 
nous pacemaker was inserted followed by a permanent 
demand pacemaker system 4 days later. The patient is 
presently asymptomatic. 


Case 2: A 41 year old woman with congenital com- 
plete heart block diagnosed at age 7 was hospitalized 
in November 1967. A regular ventricular rate of 50 to 
70/min had been present for many years. Three epi- 
sodes of Adams-Stokes seizures had occurred in the 
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Figure 1. Case 1. Noncontinuous strips demonstrate a slow 
junctional rhythm (rate 34/min). Multifocal ectopic beats 
appear and progress to ventricular fibrillation. Administration 
of direct-current countershock and isoproterenol restored a 


. faster pacemaker either one of ventricular origin or a higher 


one aberrantly conducted to the ventricle. 


. third and fourth decades, but no syncopal episodes had 
. been reeorded for 5 years before admission. However, 


during the 2 years before hospitalization, there had 


been progressive weakness, dyspnea and inability to 
perform comfortably physical acts previously well tol- 
erated. Examination revealed a ventricular rate of 38/ 
min and a soft systolic ejection murmur at the base and 
left sternal border. There was mild cardiac enlargement 
on the chest roentgenogram, and the electrocardiogram 
was typical of congenital complete heart block. Cardiac 
catheterization findings were normal at rest, but with 
exercise an increased arteriovenous oxygen difference 
and inappropriate increase in cardiac output were 
noted, and the heart rate increased only from 40 to 65/ 
min with moderate effort. Since it appeared that de- 





Figure 2. Case 6. A series of noncontinuous electrocardio- 
graphic strips reveal a junctional rhythm of 68/min. Its dis- 
charge rate slows intermittently, allowing a slower junctional 
escape at a rate of 47 to 51/min. (first, sixth and seventh 
complexes, upper strip). The rate of the escape pacemaker 
varies in the second and third strips but progressively slows 
and upon its failure ventricular asystole occurs (bottom 
strip). 





ereased output and a slower pacemaker rate were re- 
sponsible for symptoms, thoracotomy was performed 
and a synchronous pacemaker lead system and pulse 
generator were implanted. Postoperatively there has 
been a decrease in heart size and improvement in effort 
tolerance. 


Case 3: A 44 year old woman had been evaluated at 
age 4 years because of weakness and fatigue. Bradycar- 
dia was identified and, after an electrocardiogram was 
obtained, “congenital heart disease and heart block" 
were diagnosed. At age 21 she began to notice infre- 
quent episodes of dizziness and lightheadedness with- 
out syncope. These disappeared for approximately 10 
years, and the resting heart rate continued to be 60 to 
70 beats/min. Syncope reappeared in 1961, and for al- 
most 6 months the patient had recurrent episodes of 
sudden unconsciousness. Heart rates remained consis- 
tently in the range of 40/min. She was hospitalized, 
and chest roentgenogram and cardiac catheterization 
findings at rest were normal. In 1962 at age 36 years, a 
Hunter-Roth stainless steel electrode was implanted 
and was coupled to a fixed-rate pulse generator. Syn- 
copal episodes disappeared, and the patient became 
asymptomatic. Fracture of 1 wire was identified by 
X-ray examination 2 years later, but pacing continued. 
In 1965, the entire pacemaker system was replaced with 
a synchronous electrode and pacing unit. One battery 
change has been required since that time. The patient 
is presently asymptomatic. 


Case 4: A 35 year old housewife with congenital 
heart block diagnosed at age 2 years was referred for 
evaluation. She had experienced no syncope or symp- 
toms of decreased cardiac output. Resting heart rate 
ranged from 55 to 65 beats/min, increasing to 110/ 
min with treadmill exercise and to 107/min with inhala- 
tion of amyl nitrite. No change in ventricular rate oc- 
curred with administration of atropine or carotid sinus 
pressure. Two uneventful pregnancies have occurred in 
5 years of follow-up studies, and the patient is asymp- 
tomatic. 


Case 5: A 31 year old nurse was referred for con- 
sideration of permanent pacemaking. Congenital com- 
plete heart block had been diagnosed at age 3 years. 
Throughout her years in nursing she had carefully re- 
corded her pulse rate, which had consistently been 60 
to 75/min. No syncopal episodes had occurred, and she 
had a single normal delivery. On maximal treadmill ef- 
fort she achieved a ventricular rate of 115/min. Her 
rate increased slightly with administration of atropine 
and significantly (102/min) with inhalation of amyl 
nitrite. Permanent pacing was not advised. 


Case 6: A 29 year old woman with congenital com- 
plete heart block identified in her first year of life was 
hospitalized during the thirty-fifth week of her second 
pregnancy. For 2 weeks she had complained of dizziness 
and then experienced 2 episodes of lightheadedness fol- 
lowed by unconsciousness. Ventricular asystole was 
documented electrocardiographically (Fig. 2) and was 
associated with slowing and muffling of fetal heart 
tones. Promptly a pacing catheter was passed. Cesarian 
seetion was performed uneventfully 16 hours later. Pac- 
ing was discontinued after 24 hours. Ephedrine was 
prescribed in the postpartum period. Physical working 


capacity was tested by treadmill exercise 3 months 
later. At an oxygen consumption of 2,400 cc/min and a 
ventricular rate of 105/min, rapid ventricular tachy- 
cardia occurred (Fig. 3) and effort was discontinued. 
The patient has had no further syncope, and medica- 
tion has not been required. However, major emotional 
problems based partially on fear of subsequent cardiac 
arrest have required psychiatric care. 


Case 7: A 28 year old housewife was found to have 
bradycardia (rate 30/min) at the age of 6 years. She 
remained asymptomatic until the thirtieth week of her 
first pregnancy when she began to notice dizziness on 
effort, Symptoms became more frequent and were fol- 
lowed by a series of 10 periods of unconsciousness in 7 
days. Bradycardia (rate 42/min) was apparent on the 
resting electrocardiogram. She was given ephedrine, 
50 mg every 4 hours for 2 weeks, and the syncope dis- 
appeared. She was hospitalized electively in the thirty- 
fifth week of gestation with a resting heart rate of 75 
beats/min. A temporary transvenous pacemaker was 
inserted prophylactically, and pacing was initiated at 
a rate of 100/min. Labor was induced with pitocin, and 
spontaneous delivery occurred in 12 hours. Pacing was 


continued for 24 hours, and the catheter was removed . 


2 days later. Exercise testing was performed after 3 
months and was normal. With ephedrine therapy, ven- 
tricular rate continues at 60 to 70/min. His bundle re- 
cordings performed 2 years later (Fig. 4) indicated a 
junctional pacemaker site with a constant and normal 
H-V interval. 


Case 8: A 20 year old male college student was 
evaluated because of a known diagnosis of congenital 
complete heart block made in infancy and because of 
his desire to compete in intramural athletics. Chest ro- 
entgenogram, physical examination, cardiac catheter- 
ization and maximal treadmill testing showed normal 
findings. After 12 minutes of walking (oxygen con- 
sumption 3,400 cc/min), the ventricular rate was 123/ 
min. No arrhythmia or QRS widening was identified. 
Permission was given to participate in athletics. 


Discussion 


The patients presented in this report represent 
an unusual group for several reasons: (1) Con- 
genital complete heart block had been identified in 
most of them early in life, allowing prolonged clini- 
cal observation. (2) A high incidence of arrhyth- 
mias and Adams-Stokes syncope was found. (3) 
The frequency of temporary or permanent electri- 
cal pacing was high. (4) Studies in 4 patients sug- 
gested that the pacemaker site was low in the bun- 
dle of His and apparently not under vagal influ- 
ence. (5) Only 1 criterion for longevity was met. 

Because a diagnosis of congenital complete heart 
block had been made, most patients had been care- 
fully followed up. Although symptoms occurred 
unpredictably, review of clinical records or elec- 
trocardiograms showed a progressive decrease in 
resting heart rate which was more marked in older 
patients. Syncope appeared to be due to release of 
lower junctional or idioventricular pacemakers as 
recorded in Case 1. A similar mechanism appeared 
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Figure 3. Case 6. Abrupt onset of ventricular tachycardia 
with exit block occurs at the end of treadmill effort. There 
was a spontaneous reversion to a junctional pacemaker. 
Within 10 minutes, the preexercise rate of 45/min had re- 
turned. 


to be responsible for the low cardiac output state 
in Case 2. In congenital complete heart block in- 
creases in output on exercise are ordinarily medi- 
ated through an increase in heart rate." Failure 
of rate response requires an augmentation of 
stroke volume which, as in aequired heart block, 
may be inadequate.!? 

Temporary or permanent pacemaking has rarely 
been necessary in adult patients with congenital 
complete heart block,'?-'* and caution has been ad- 
vised in deciding upon permanent pacing because 
of the transient nature of syncope‘ and its ten- 
dency to diminish in frequency with age. Such 
was not the case with the patients reported herein, 
and pacing was advised because of arrhythmias 
likely to cause sudden death (ventricular fibrilla- 
tion and ventricular asystole), refractory Adams- 
Stokes syncope and a low cardiac output state. 

That the rate of dominant pacemaker discharge 
should be reduced with age is hardly unexpected. 
However, whether this inhibition results from ag- 
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Figure 4. Case 7. His bundle electrogram (HBE) is recorded 
at 50 mm/sec paper speed. The His deflection (H) occurs at 


a normal interval of 62 msec from onset of the QRS com- 
plex. 
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TABLE Il 


Effect of Exercise and Administration of Atropine and Amyl 
Nitrite in 4 Patients with Congenital Complete Heart Block 





ia Heart Rate — Heart Rate 


Resting 0; (beats/min) (beats/min) 
Case Heart Rate Heart Rate Consumption with with Amyl 





no. (beats/min) (beats/min)  (cc/min) Atropine* Nitrite 
1 60 107 2,650 62 107 
2 65 115 3,200 72 102 
6 47 105 2,400 55 118 
7 68 120 3,250 81 110 





* 1.2 mg given rapidly intravenously. 


ing alone or from superimposed myocardial dis- 
ease or impaired autonomic activity is not clear. 
To investigate the degree of autonomic impair- 
ment in congenital complete heart block, 5 sub- 
jects performed exercise on a treadmill, and 4 of 
these were studied after inhalation of amyl nitrite 
and intravenous administration of atropine (Ta- 
ble II). Although a considerable increase in ven- 
tricular rate was noted with exercise in all sub- 
jects, in none was the rate appropriate for the 
degree of oxygen consumed.!5 In 2 subjects (Cases 
6 and 7) who underwent stress to maximal oxy- 
gen consumption, maximal heart rates were only 
105 and 123/min. In all subjects studied a quanti- 
tatively similar rate acceleration occurred after 
inhalation of amyl] nitrite.'? However, no signifi- 
cant increase in rate occurred with administration 
of atropine, a finding previously noted by Narula 
et al.” and expected if the pacemaker origin is low 
in the bundle of His. These findings suggest that 
in some adult patients with congenital complete 
heart block there may be not only an anatomic dis- 
turbance of conduction but also depression of im- 
pulse formation in a low junctional pacemaker. 
This impaired autonomic activity appears to pro- 
gress with age and is manifested both by a failure 
to respond to intravenously administered atropine 
and by a reduced sympathetic heart rate response 
to effort. 

Finally, patients in this group have consistently 
fulfilled only 1 criterion of longevity, the absence 
of structural heart disease. Congenital complete 
heart block can be considered benign, therefore, 
only when a persistently rapid junctional pace- 
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Figure 5. Case 9. His bundle recordings made at 50 
mm/sec reveal a constant and shortened H-V interval of 32. 
msec.” 


maker is identified. The tendency to deceleration of 
rate must be sought by clinical examination, stress 
testing and perhaps portable electrocardiographic 
monitoring. It is conceivable that identification of 
a higher and more stable junctional pacemaker 
through a more appropriate rate response to stim- 
ulation with intravenously administered atropine, 
exercise and inhalation of amyl nitrite may indi- 
cate a more stable clinical course in adult life. 


Addendum 


Since submission of this manuscript, another 
patient has been identified with apparent congeni- 
tal complete heart block. 

Case 9: A 49 year old contractor was hospitalized 
because of 2 episodes of sudden unconsciousness occur- 
ring ever 18 months. A single episode of syncope had 
occurred 19 years previously. Rheumatie heart disease 
had been clinically suspected at age 3 years because of 
bradycardia and a heart murmur. On hospital admis- 
sion the electrocardiogram was consistent with congeni- 
tal complete heart block. History revealed dyspnea and 
effort fatigue of 2 years' duration. Cardiac catheteriza- 
tion revealed slightly increased left and right ventricu- 
lar filling pressures and decreased cardiac output at 
rest and exercise. Coronary arteriography showed nor- 
mal findings. Electrographic studies of the conduction 
system showed a low normal H-V interval of 32 msec? 
(Fig. 5). Maximal treadmill stress testing showed an 
increase of ventricular rate from 48 to 88/min with 
frequent ventricular premature beats at end of effort. 
Because of the poor response to ephedrine therapy, 
limited rate response of exercise, Syncope and contin- 
ued symptoms of low cardiac output, implantation of a 
permanent synchronous pacemaker has been recom- 
mended. 
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Clinical and necropsy findings are described in a 6 week old infant 
with aneurysm of the ductus arteriosus. It was obliterated at the 
pulmonary arterial end and patent at the aortic end. Observations in 
this case and in 60 previously described cases of ductal aneurysm 
disclosed that 46 of the aneurysms occurred in infants less than 2 
months old, 4 in children, and 11 in adults. The aortic end of the 
ductal aneurysm is always patent. The pulmonary arterial end may or 
may not be patent. Since complications (rupture, embolism or infec- 
tion) tend to develop in nearly half of the ductal aneurysms, operative 
resection appears indicated. 


Persistent patency of the ductus arteriosus is a common congeni- 
tal cardiovascular malformation. Aneurysmal dilatation is an oc- 
casional complication of patent ductus arteriosus in adults. Aneu- 
rysm of the ductus arteriosus in infancy—in contrast to simple 
patency—is rare. However, such was the case in an infant we re- 
cently studied. Clinical and necropsy observations in this patient 
with ductal aneurysm and in those previously reported by others 
are described in this communication. 


Report of Patient 


A 52 day old white boy, the first-born of twins, delivered at a refer- 
ring hospital, weighed 2.2 kg after a term gestation. At birth he showed 
flaccidity, cyanosis and regurgitation; Apgar scores were 2 and 8 at 1 
and 5 minutes, respectively. Positive pressure respirator and intuba- 
tion were required initially with spontaneous onset of respirations at 
5 minutes. He had multiple congenital abnormalities including an 
elongated neck, cloudy eornea, low-set and posteriorly rotated ears, 
complete cleft palate, long thumbs, fetal hypospadius and undescended 
testes. No precordial murmur was ever heard. Chest roentgenogram 
(Fig. 1) showed cardiomegaly. A large convex shadow at the left base 
was initially thought to be thymus. 

On day 1, the hematocrit was 33 vol percent; leukocyte and platelet 
counts and serum electrolytes, including calcium and phosphorus, were 
normal. Chromosome pattern was 46 XY without any structural abnor- 
mality. 

Initially the infant was hypotonic, fed poorly and had respiratory 
difficulties. Barium swallow on day 12 ruled out tracheoesophageal fis- 
tula. The cardiac silhouette was smaller (Fig. 1). The shadow in the 
angle between the aortic knob and pulmonary trunk was still interpreted 
as representing thymus. 

The baby continued to lose weight and by day 22 he begar to vomit 
almost all feedings, necessitating parenteral fluids to maintain elec- 
trolyte and calorie balance. The next day a mass was palpated in the 
right upper quadrant of the abdomen, and upper gastrointestinal series 
demonstrated pyloric stenosis (Fig. 1). On the same day, he was trans- 
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Figure 1. Chest roentgenograms. The arrows 
designate the ductal aneurysm. The cardiac 
size decreased from day 1 to day 23. Roent- 
genogram on the right demonstrates, in addi- 
tion, pyloric stenosis with complete retention 
of contrast material 45 minutes after instilla- 
tion of barium into the esophagus. 


Figure 2. Unopened and opened views of the 
ductal aneurysm demonstrating its relation 
to surrounding structures. D.A. = ductal 
aneurysm; Inn. — innominate; L.P.A. — left 
main pulmonary artery; L.V. — left ventricle; 
P.T. — pulmonary trunk; R.V. — right ven- 
tricle; T. — trachea. 


Figure 3. Photomicrographs of ductal an- 
eurysm (a), and of portion of wall of aorta 
(b), ductal aneurysm (c) and left main pul- 
monary artery (L.P.A.) (d). The sites at which 
photomicrographs b, c and d were taken are 
shown by small blocks in a. The configura- 
tion of the elastic fibrils in the aorta (b) and 
left main pulmonary artery (d) are virtually 
identical. In contrast, fewer elastic fibrils are 
present in the wall of the ductal aneurysm 
(c), and the fibrils at this site have various 
spacial orientations. Movat stain, X 6 (ay 
elastic Van Gieson stains, each x 250 (b to 
d), all reduced by 43 percent. 
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TABLE | 
Aneurysm of the Ductus Arteriosus 


|. Patent aortic and pulmonary arterial ends 
A. Fusiform* (with or without aneurysmal thrombus) 
1. Infected *:19:19.20.23,25 
2. Noninfected?:6—8:22:24,25,27,31,39,40 
B. Tubular dilatation ł16:18:28 
C. Dissection!?:12,21,27 
Il. Nonpatent pulmonary arterial end 
A. Fusiform* (with or without aneurysmal thrombus) 
1. Infected?**:3« 
2. Noninfected*:14:27,29.35—37,42,43 
Ill. Postoperative19?:5s 


* Both aortic and pulmonary arterial openings are small in 
_ comparison to the diameter of the aneurysm. 

t Openings into aorta and pulmonary artery are of similar 
diameter to that of the aneurysm. 

t After operative ligation of a patent ductus arteriosus. 


ferred to Georgetown University Hospital, and pyloro- 
 myotomy under local anesthesia was performed imme- 
diately. Postoperatively, he had several apneic spells 
and continued to feed poorly; poor Moro and suck re- 
flexes and generalized hypotonicity persisted. He died 
without an obvious precipitating cause. 

At necropsy, a 1.5 by 2 by 1 cm ductal aneurysm con- 
taining thrombus was found (Fig. 2). The pulmonary 
arterial end of the ductus was closed, and the aortic 
end was open. The wall of the aneurysm was composed 
primarily of smooth muscle and elastic fibrils; young 
connective tissue with focal calcific deposits was present 
at the junction of intraaneurysmal thrombus and duc- 
tal wall (Fig. 3). The right atrium was dilated, and the 
valve over the fossa ovale was incompetent. No evidence 
of rupture, embolism or infection of the aneurysm was 
present, 


Discussion 


Ductal aneurysm was described originally by 
Martin! in 1827 and by Billard? in 1828. Thore? in 
1850 reported 8 cases of ductal aneurysm, and 
Hammerschlag* in 1925 reviewed the literature 
and excluded cases of aortic aneurysms involving 
the site of ductal insertion. Cruickshank and Mar- 
quis’ in 1958 summarized the previous literature 
and added the tenth adult case. 

At least 60 cases of ductal aneurysm have 
been reported.'-9 The anatomic types are sum- 
marized in Table I and Figures 4 and 5. Exact 
anatomic classification is not possible in 19 
cases?.5,9,11,14.15,17,27,29,32 because of insufficient in- 
formation regarding the status of the pulmonary 
arterial end of the ductus. Six casest*-*? previously 
considered ductal aneurysm were excluded because 
of inadequate anatomic detail. Observations in the 
remaining 42 cases are summarized in Table II. 
Ductal aneurysm also may be classified by age— 
infantile, childhood and adult. Complications of 
the aneurysm in the 61 patients grouped by age 
are summarized in Table III and Figure 4. 

Infantile ductal aneurysm: Nonpatent ductal 
aneurysm has been reported in 13 patients, includ- 


TABLE Il 
Spontaneous* Aneurysm of the Ductus Arteriosus 


Complications 
In- 
Anatomic Rup- Embo- fec- Assoc 
Classification no. Age Range ture lism tion Mal 
Patent ductal 
aneurysm 
Fusiform 19 2 days-51 yr £9 -.5 31 
Tubular 
dilatation 3 3 days-27 days 0 1 0 0 
Dissection 7 12 hr-1 mo cee S | | li 
Nonpatent 
ductal 
aneurysm 
Fusiform 13 13 days-66 yr Ai E72 6§ 
Totals 42€ 12hr-66 yr a WESS. 10 


* Excludes postoperative patients. 

f Extrophie vesicale,* valvular incompetent patent foramen 
ovale,?' aortic coarctation.*! 

t Hydrocele.?’ 

$ Exomphalos," double pelvis and ureter,? atresia of left 
pulmonary artery, stenosis of right pulmonary artery and 
aneurysm of pulmonary trunk,* right aortic arch, coarctation of 
aorta.” 

€ Autopsyin 39. — 

Assoc Mal = associated congenital malformations 
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Figure 4. Diagram of aneurysm of the nonpatent ductus 
arteriosus and its complications. LPA — left main pulmonary 
artery; PT = pulmonary trunk; RPA = right main pulmonary 
artery. 
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Figure 5. Diagram of aneurysm of the patent ductus arteri- 
osus. In the fusiform aneurysm, the lumen contains throm- 
bus which may or may not occlude blood flow. In the dissect- 
ing aneurysm a hematoma is present in the wall of the duc- 
tus but not in its lumen. Abbreviations as in Figure 4. 


ing the infant described herein. The pulmonary ar- 
terial end was closed and the aortic end open in all 
13. The pathogenesis of nonpatent ductal aneu- 
rysm is uncertain. Normally, the ductus arteriosus 
closes physiologically shortly after birth, but an- 
atomic closure requires several days. By intimal 
proliferation*? the ductus becomes obliterated first 
at the pulmonary arterial end, then the aortic 
end.2!:51 The walls of the ductus undergo involu- 
tional changes by a decrease in elastica in com- 
parison with the pulmonary trunk and aorta, and 
by increase of fibrous connective tissue, giving rise 
to the ligamentum arteriosum. If closure of the 
aortic end is delayed, the ductus in effect becomes 
an aortic diverticulum, subject to systemic pres- 
sure at a time when its walls are undergoing invo- 
lution. This cireumstance favors dilatation of the 
patent portion of the ductus with subsequent aneu- 
rysm formation. This mechanism is the most at- 
tractive explanation of nonpatent ductal aneurysm 
in the infants described, all of whom were less 
than 2 months old. Necrosis of the walls of the 
ductus was thought to have been etiologically im- 
portant in several cases??9?7 but was not present 
in our patient. In those cases in which the histo- 
logic features were presented, decrease in elastic 
tissue in the wall of the aneurysm was observed. 

Adult ductal aneurysm: The origin of non- 
patent ductal aneurysms in adults is less certain. 
Documented persistence into adulthood of an in- 
fantile ductal aneurysm is lacking. However, the 
anatomic similarities between adult and infantile 
ductal aneurysms suggest that the adult ductal 
aneurysm may represent persistence of the infan- 
tile variety. Other mechanisms have been proposed 
to explain adult nonpatent ductal aneurysm in- 
cluding trauma to a persistently patent ductus,?5-* 
infective arteritis in a patient with subsequent in- 
flammatory closure of the pulmonary arterial 
end,?? and delayed spontaneous closure with arrest 
at the stage of obliteration of the pulmonary ar- 
terial end. 

The latter mechanism, long considered the most 
likely one, was recently challenged by Bosman and 
Leoncinif£? as not being responsible by itself for 
aneurysm formation. These authors described a 
66 year old man with a ductal aneurysm located 
just proximal to an aortic coarctation. They rea- 
soned that in addition to obliteration of the pul- 
monary arterial end there must be some dista] aor- 
tie obstruction causing increased systemic pres- 
sures in the patent portion of the ductus in order 
to initiate an aneurysm; 2 similar previously de- 
scribed patients were cited.?**! Perhaps this addi- 
tional lesion is necessary in the genesis of aneu- 
rysm in some adults with arrest at the stage of 
obliteration of the pulmonary arterial end; the 
ductus under these circumstances has been sub- 
ject to systemic pressure for a considerable period 
of time and there would not appear to be any stim- 
ulus for the walls to undergo involution. In fact, 
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TABLE Ill 
Spontaneous* Aneurysm of the Ductus Arteriosus 


NENNEN DUUM Led 


Complications 


Rup- Embo- Infec- Assoc 


Classification no. Age Range ture lism tion Mal 
RRO LES Sey Tet Wee PEN DERES Oi Se) Ural ae eee SE 
Infantile?5—?! 46 12 hr-2 mo 5 6 5 5 
Childhood? ^35 4 20 mo-15 yr 3 1 1 1 
Adultt 536-43 11 23 yr-66 yr 3 1 1 4 

Totals 611 12 hr-66 yr 11 8 7 10 


on: Ec ai DE MUNROE aite. Fe a PARURE es 
* Excludes postoperative patients. 
T Autopsy in 57. 


in the majority of patients with isolated delayed 
spontaneous closure, the ductus appears as an in- 
verted cone with the apex at the pulmonary ar- 
terial end and the base at the aortic end. Whether 
the pathogenesis of ductal aneurysm in childhood 
is the same as that operative in the infant or the 
adult remains uncertain. 

Diagnosis: Correct antemortem diagnosis of 
ductal aneurysm has not been established in any 
infant. Because of the lack of related symptoms or 
physical signs, attention has not been drawn to 
the cardiovascular system in this age group. A 
soft tissue density at the upper border of the left 
cardiac silhouette may be mistaken for thymus, as 
it was in our patient (Fig. 1), or hilar adenopathy, 
as in Scheef's patient. A nonpatent ductal aneu- 
rysm was established by angiocardiography and 
successfully resected in 1 patient? in the childhood 
group. The diagnosis has been made antemortem 
in only 1 adult patient. The soft tissue density 
seen on chest roentgenogram was believed to rep- 
resent aortic aneurysm in 2 patients,*^? and tumor 
of the mediastinum in a third.** Graham?’ incised 
a ductal aneurysm, having considered it to be a 
solid mediastinal tumor, and emphasized the im- 
portance of the correct diagnosis. He pointed out 
that the differential diagnosis of a mediastinal 
mass at the level of the pulmonary trunk with dis- 
placement of the trachea rightward must include 
ductal aneurysm. 

Complications: Complications of ductal aneu- 
rysm resemble those of aortic aneurysm: rupture, 
embolism and infection. Of the 13 nonpatent ductal 
aneurysms reported (Table I), 4 ruptured, 2 em- 
bolized and 3 were infected. Death was directly at- 
tributable to 1 of these complications in 5 pa- 
tients,^30333442 (The complication rate of the en- 
tire 61 patients was 43 percent, causing death in 
19 patients [31 percent].) 

Treatment: Tutassaura and Mustard?* demon- 
strated the feasibility of total resection of a non- 
patent ductal aneurysm, and there has been suffi- 
cient experience with postoperative ductal aneu- 
rysm?-3 to encourage resection. Because of the 
high incidence of complications operative excision 
appears indicated. 


FALCONE ET AL. 


maa > RD 


20. 


21. 


26. 


27. 
28. 


. Martin: 


. Thore: 


. Virchow R: 


. Renaut MJ: 


. Gruner: 
. Weller CV: 


. Schattman: 


. Kaufmann E: 


References 


Dilatation aneurysmal du canal arteriel. Bull 
Soc Anat Paris 22:17, 1827 


. Billard CM: Traité des Maladies des Enfans Nouveaux 


—Nés et à la Mamelle, Paris, JB Bailliere, 1828, p 567 
De l'anevrisme du canal arteriel. Arch Gen Med 
(Paris) 23:30—39, 1850 [8 cases]* 


. Hammerschlag E: Ein Fall von wahrem Aneurysma des 


Ductus arteriosus Botalli. Virchow Arch Path Anat 258: 
1-8, 1925 


. Cruickshank B, Marquis RM: Spontaneous aneurysm of 


the ductus arteriosus. Amer J Med 25:140—149, 1958 


. Parise: Dilatation fusiforme-anevrisme du canal arteriel. 


Bull Soc Anat Paris 12:95—96, 1837 

Gesammette Abhandlungen zur Wissen- 
chaftlichen Medicin, Frankfurt-a-Main, Meidinger Sohn, 
1856, p 595 

Deux cas d'anevrisme du canal arteriel. 
Bull Soc Anat Paris 45:238—240, 1870 [2 cases]* 


. Roeder H: Die Ruptur des Ductus arteriosus Botalli: 


eine monographische Studie zur Pathologie des Ductus. 
Arch Kinderheilk 30:157—216, 1900 [1 case]* 


. Roeder H: Zwei Fálle von Ruptur des Ductus arteriosus 


Botalli. Berl Klin Wschr 38:72—78, 1901 [1 case]* 


. Roeder H: Ein Fall eines solid thrombiesten Dilatations- 


aneurysma des Ductus arteriosus Botalli. Virchow Arch 
Path Anat 166:513—526, 1901 [1 case]* 


. Bednar: Quoted in Ref 7 
. Buhl: Quoted in Ref 49 [1 case]* 
. Gerard G: De l'aneurysme du canal arteriel. Etude ana- 


tomique. J Anat (Paris) 39:1—10, 1903 [2 cases]* 
Quoted in Ref 35 

Cardiac anomalies. Two rare cardiac mal- 
formations. Bull Int Ass Med Mus 5:122-125, 1915 [1 
case]* | 
Inaug-Dissertation, Breslau, 1919. Quoted 
in Ref 36 


. Dry DM: Congenital aneurysmal! dilatation of ductus 


Botalli. Amer J Dis Child 22:181—185, 1921 

Lehbuch der speziellen Pathologischen 
Anatomie für Studierende und Arzte. Erster Band. Berlin 
and Leipzig, Walter de Gruyter, 1922, p 71 

Scheef S: Uber die Ruptur eines mykotischen Aneu- 
rysmas des Ductus Botalli und die róntgenologische 
Darstellung des erweiterten Duktus beim Säugling. Arch 
Kinderheilk 117:234—243, 1939 

Jager BV, Wollenmann OJ Jr: An anatomical study of 
the closure of the ductus arteriosus. Amer J Path 18: 
595—613, 1942 [4 cases]* 


. Gross RE: Arterial embolism and thrombosis in in- 


fancy. Amer J Dis Child 70:61—73, 1945 


. Pinninger JL: Aneurysm of the ductus arteriosus. J Path 


Bact 61:458—460, 1949 


. Kneidel JH: A case of aneurysm of the ductus arterio- 


sus, with post mortem roentgenologic study after in- 
stillation of barium paste. Amer J Roentgen 62:223-228, 
1949 


. Fell EH, Davis CB: Surgical problems associated with 


treatment of patent ductus arteriosus. Arch Surg (Chi- 
cago) 61:738-747, 1950 [1 case]* 

Lennox B, MacCarthy D: Aneurysm of the ductus arteri- 
osus and umbilical haemorrhage in the new-born. Arch 
Dis Child 26:169—-174, 1951 

Birrell JHW: Three aneurysms of the ductus arteriosus 
in the new-born. Aust Ann Med 3:37-43, 1954 [5 cases]* 
Lyon RA, Kaplan S: Patent ductus arteriosus in in- 


* Number of well documented cases of ductal aneurysm in 
this report. In the other cited references 1 case is described 
in each, 


29. 


30. 


31. 
32. 
33. 
34. 
35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


52. 
93. 


. Schmorl: 
. Abbott ME: 


. Barclay AE, Barcroft J, Barron DH, et al: 


fancy. Pediatrics 13:357—362, 1954 [1 case]* | 
Cuccurullo L: Contributo allo studio delle dilatazioni 
aneurismatche del dotto di Botallo. Presentazione di un 
caso e rassegna della litteratura. Riv Anat Pat Oncol 22: 
422—438, 1962 

Weisser E: Aneurysma des Ductus arteriosus Botalli 
und thrombotischer Verschlug der erkrankten Aorta 
abdominalis bei einem Säugling, eine anscheinend 
typische Kombination. Frankfurt Z Path 73:149-162, 
1963 

Payan H, Blaustein A: Aneurysm of the ductus arteri- 
osus. Amer J Clin Path 44:449—452, 1965 

Thorel C: Pathologie der Kreislauforgane. Ergebn Alg 
Path 9:594, 1903 
Hutchison R: A case of aneurysm of the ductus arteri- 
osus. Brit J Child Dis 19:85-86, 1922 

Guggenheim A:  Aneurysma des Ductus arteriosus 
Botalli mit Ruptur. Frankfurt Z Path 40:436—443, 1930 
Tutassaura H, Goldman B, Moes CAF, et al: Spontane- 
ous aneurysm of the ductus arteriosus in childhood. J 
Thorac Cardiovasc Surg 57:180—184, 1969 

Hebb RG: Aneurysm of ductus arteriosus and atheroma 
ef pulmonary artery. Tr Path Soc London 44:45-47, 
1893 

Monckeburg JG: Die Missbildungen des Herzen. In, 
Handbuch der speziellen pathologischen Anatomie und 
Histologie, Zweiter Band: Herz und Fefásse (Henke F, 
Lubarsch O, ed). Berlin, Julius Springer, 1924, p 163- 
165 

Graham EA: Aneurysm of the ductus arteriosus, with 
consideration of its importance to the thoracic surgeon. 
Arch Surg 41:324—333, 1940 [2 cases] 

Mackler S, Graham EA: Aneurysm of the ductus Botalli 
as a surgical problem, with a review of the literature and 
report of an additional case diagnosed before operation. 
J Thorac Surg 12:719—-727, 1943 

Dvorak L, Schmittovia M: Aneurysma arteriove duceje. 
Klinickoanatomicka studie. Cas Lek Cesk 92:1171—1174, 
1953 

Otto L: Tödliche Ruptur eines Aneurysmas des Ductus 
arteriosus Botalli im Erwachsenenalter. Thoraxchirurgie 
12:340—344, 1964 

Bosman C, Leoncini B: On pathogenesis of a case of 
ductus arteriosus aneurysm. Acta Cardiol (Brux) 22:279— 
288, 1967 


. Cheng TO: Aneurysm of a nonpatent ductus arteriosus. 


An unusual cause of mediastinal mass. Dis Chest 55: 
497—500, 1969 


. Baron: Quoted in Ref 2 


. Westhoff: Inaug Dissertation, Gottingen, 1873. Quoted 
in Ref 18 

. Voss M: Inaug Dissertation, Kiel, 1900. Quoted in Ref 
18 

. Buhl: Quoted in Ref 7 [2 cases] 


Quoted in Ref 7 

Congenital cardiac disease. In, Modern 
Medicine, third edition, vol 4, (Osler W, McCrae T, ed). 
London, Oxford University Press, 1927, p 770—772 


. Wilcox BR, Roberts WC, Carney EK: The effect of re- 


duced atmospheric oxygen concentration on closure of 
the ductus arteriosus in the dog. J Surg Res 2:312-316, 
1962 

X-ray studies 
of closing of ductus arteriosus. Brit J Radiol 11:570— 
585, 1938 

Das JB, Chesterman, JT: Aneurysms of the patent 
ductus arteriosus. Thorax 11:295—302, 1956 

Ross RS, Feder FP, Spencer FC: Aneurysms of the pre- 
viously ligated patent ductus arteriosus. Circulation 23: 
350—357, 1961 


Diagnostic Shelf 


Respiratory Variation of Left Ventricular Ejection 
Time in Patients with Pericardial Effusion 


WILLIAM H. CARTER, MD 
HENRY D. McINTOSH, MD, FACC 
EDWARD S. ORGAIN, MD, FACC 


Durham, North Carolina 


From the Cardiovascular Disease Service, 
Department of Medicine, Duke University 
Medical Center, Durham, N. C. This study 
was supported in part by Grant-in-Aid HE- 
5369 and HE-5736 from the National 
Heart and Lung Institute, Bethesda, Md. 
Manuscript received March 24, 1971, ac- 
cepted May 26, 1971. 

Address for reprints: Edward S. Orgain, 
MD, Duke University Medical Center, Dur- 
ham, N. C. 27710. 


Left ventricular ejection times were measured by external carotid 
pulse tracing in 2 patients with pericardial effusion who had at most 
only an equivocal paradoxical pulse. Both patients demonstrated a 
50 msec variation of ejection time with respiration at a constant 
heart rate. None of 10 control patients had variation in ejection time 
of more than 10 msec. These observations confirm the original ob- 
servations of Weissler et al., who noted variations in left ventricular 
ejection time in a patient with pericardial effusion; the findings also 
indicate that such changes may be present when there is no signifi- 
cant paradox during intraarterial pressure recording. 


Patients with pericardial disease may manifest an accentuation 
of the normal respiratory variation of the arterial blood pressure, 
that is, a paradoxical pulse. However, contrary to common belief, 
à paradoxical pulse is frequently absent or equivocal in patients 
who have constrictive pericarditis or a large long-standing peri- 
cardial effusion.! When present, this accentuated respiratory vari- 
ation in the peripheral arterial blood pressure is thought to reflect 
changes in left ventricular stroke volume due to cyclic changes in 
left ventricular filling.? Our laboratory and others have shown 
that the left ventricular ejection time primarily reflects varia- 
tions in stroke volume, although heart rate, left ventricular after- 
load and the inotropic state of the myocardium can also affect left 
ventricular ejection time independently of their effect on stroke 
volume.2-^ Weissler et al.* reported variations in left ventricular 
ejection time in 3 patients with pericardial disease in 1961. It 
therefore seems reasonable to expect that the left ventricular ejec- 
tion time may be of greater value than the peripheral arterial 
blood pressure in evaluating patients suspected of having peri- 
cardial disease. This report describes the findings in 2 patients 
who had large pericardial effusions but at most only equivocal 
paradoxical pulses. 


Methods 


Tracings of the external carotid pulse were recorded from 2 supime 
patients by an Electronies for Medicine, model A-161 pulse transducer 
coupled to an Electronics for Medicine polygraphic recorder. A simul- 
taneous phonocardiogram was recorded from the second left intercostal 
space, enabling verification of the dierotie notch, A pneumotachogram 
recorded the respiratory cycle of both patients before and after therapy. 
The excursions of the pneumotachogram were recorded during con- 
scious but not forced respiration, causing a slight increase in excursion 
from that noted during unconscious respiration. Recordings were made . 
at a paper speed of 75 to 100 mm/sec with superimposed time lines, each 
0.04 or 0.02 second, Ejection time was measured from the onset of the 
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Figure 1. Case 1. The phonocardiogram demonstrates a 
3-component pericardial rub. There is a 40 msec decrease in 
left ventricular ejection time (LVET) with inspiration at a 
constant heart rate. 


steep portion of the carotid upstroke to the incisura of 
the dicrotic notch (Fig. 1). 


Case Reports and Results 


Case 1: A 28 year old white housewife described a 
2 week history of fever and vague chest discomfort. 
The blood pressure was 120/80 mm Hg and, despite 
careful measurement, no paradox was discerned. Seven 
days after admission, a paradoxical pulse of 12 mm Hg 
with deep inspiration was recorded. A 2-component 
friction rub was easily audible; there were no gallop 
sounds, Chest roentgenogram demonstrated left pleural 
effusion and a marked increase in the cardiac silhouette 
suggestive of a pericardial effusion (Fig. 2A). Con- 
comitant with administration of indomethacin for 2 
weeks, the size of the cardiac silhouette decreased 
markedly and the patient became asymptomatic (Fig. 
2B). 

Figures 1 and 3 show pulse tracings recorded before 
and after therapy. Figure 4 demonstrates the initial 50 
msec variation in ejection time at heart rates of 98 to 
102 beats/min. 
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Figure 3. Case 1. Recordings 2 months after therapy. The 
phonocardiogram is now normal. There is a 20 msec varia- 
tion in ejection time with inspiration. 


Case 2: A 53 year old black woman presented with 
a history of progressive fatigue of 6 weeks' duration. 
At the time of hospital admission, a paradoxical pulse 
of 30 mm Hg was observed. The chest roentgenogram 
and heart isotope scan suggested massive pericardial 
effusion. Approximately 300 cc of serosanguineous fluid 
was removed with difficulty. During the next 7 days the 
patient had only 12 mm Hg of paradoxical pulse with 
deep respiration. Because of the bloody pericardial 
fluid and recently documented conversion of results of 
a purified protein derivative skin test from negative to 
positive, tuberculous pericarditis was suspected, Anti- 
tubercular therapy was instituted. 

At surgery, approximately 700 cc of serosanguineous 
fluid was obtained from the pericardium, and both 
thickened parietal and visceral pericardii were re- 
moved. Microscopic examination demonstrated mul- 
tiple tuberculous granulomata. 

Recordings were made on several occasions before 
operation and 6 days after the pericardial stripping. 
Figure 5 exhibits a 50 msec respiratory variation in 
ejection time; the cardiac cycle varies only 20 msec. 
Figure 6A displays the intraarterial blood pressure 
tracing recorded simultaneously with a carotid pulse 
tracing after 3 days of diuretic therapy. Despite no sig- 
nificant respiratory changes in the intraarterial pres- 
sure, the ejection time varied 30 msec. The postopera- 





Figure 2. Case 2. A, admission teleo- 
roentgenogram; B, teleoroentgenogram 
after 2 weeks of indomethacin therapy. 
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tive pulse tracing showed a variation in left ventricu- 
lar ejection time of 10 msec (Fig. 6B). 


Control Subjects 


Carotid pulse tracings were recorded from 10 pa- 
tients with various forms of heart disease during ac- 
centuated respiration. A cardiac diagnosis not involv- 
ing the pericardium had been previously established in 
these patients by cardiac catheterization. No patient 
had a variation in ejection time of more than 10 msec. 
The roentgenogram (Fig. 7) and the pulse tracing 
(Fig. 8) of a patient with idiopathie myocardial hyper- 
trophy and secondary mitral insufficiency with massive 
cardiomegaly and ascites are presented. Despite severe 
congestive heart failure, the ejection time varied only 
10 msec. 


Discussion 

It has been demonstrated that the duration of 
left ventricular ejection time correlates closely 
with cardiac stroke output. The paradoxical 
pulse in pericardial tamponade is produced by an 
exaggeration of the normal inspiratory decline in 
left ventricular stroke output?; however, the exact 
mechanism for this observation is still debated.” 8 
Whatever the pathophysiologic factors, one would 
expect the left ventricular ejection time to reflect 
this respiratory variation in left ventricular out- 
put. 

Weissler et al. reported that respiration caused 
a change in left ventricular ejection time of 10 
msec or less in 120 patients, many of whom had 
congestive heart failure. We found a similar slight 
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Figure 6. Case 2. Top panel, the pre- 
operative pulse tracing demonstrates a 30 
msec variation in left ventricular ejection 
time with respiration at a time when the 
intraarterial blood pressure varied mini- 
mally. Bottom panel, the postoperative 
tracing demonstrates a 10 msec variation 
of left ventricular ejection time with res- 
piration. B.P. = blood pressure. 
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Figure 4. Case 1. The dotted line indicates the variation of 
left ventricular ejection time with respiration. The shaded 
area indicates the range of left ventricular ejection time in 
control patients but is not intended to reflect actual measure- 
ments in left ventricular ejection time. 
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Figure 7. Teleoroentgenogram of a 50 year old patient with 
idiopathic myocardial hypertrophy, massive edema and 
hepatomegaly. 


respiratory variation in left ventricular ejection 
time in a heterogeneous group of 10 patients, sev- 
eral of whom had severe congestive heart failure 
and massive cardiomegaly. Weissler and co-work- 
ers? found a variation in left ventricular ejection 
time from 25 to 50 msec in 2 patients who showed 
constrictive pericarditis and marked pulsus para- 
doxus, and in 1 patient with pericardial effusion 
and a respiratory variation in blood pressure of 8 
mm Hg. Therefore, our study was undertaken to 
determine if a significant and characteristic respi- 
ratory variation of left ventricular ejection time 
occurred in patients with pericardial effusion. 

In Case 2, we were able to detect respiratory 
changes of left ventricular ejection time of 30 
msec at a time when only minor respiratory varia- 
tion of blood pressure was detected by intraarte- 
rial recordings (Fig. 6). The obliteration of a sig- 
nificant respiratory variation of left ventricular 
ejection time after operation suggests that the ab- 
normality is due to the pericardial effusion and not 
to factors such as obesity or lung disease, which 
can also induce a paradoxical pulse. 

In Case 1 only a borderline paradoxical pulse 
was present. The disclosure of a 40 msec variation 
in left ventricular ejection time is evidence that 
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Figure 8. Same patient. Despite severe congestive heart 
failure, ejection time varies only 10 msec with deep inspira- 
tion. 


this patient had a hemodynamically significant 
pericardial effusion. The rapid decrease in heart 
size to normal during indomethacin therapy is con- 
sistent with a clinical diagnosis of pericardial ef- 
fusion. The left ventricular ejection time variation 
was 20 msec at a follow-up visit 2 months after 
therapy was discontinued. This variation is of 
questionable significance but could reflect slight 
persistent constriction. A respiratory variation is 
probably significant only if it is 30 msec or more. 
This figure should exceed any variation due to a 
normal 10 msec variation and the 10 msec range of 
error for human recording at a paper speed of 75 
to 100 mm/sec. 

The study by Weissler et al. of the ejection times 
in normal subjects and in patients with cardiac 
disease was performed during a level of quiet res- 
piration which may have been different from that 
of our control group. Thus, left ventricular ejec- 
tion time in the 10 patients with various types of 
heart disease was measured at conscious, slightly 
increased respiratory effort equivalent to that of 
our patients with paradoxical pulse. This method 
was used in an effort to establish and compare the 
variation of left ventricular ejection time in pa- 
tients with other forms of heart disease with the 
variation observed in the patients with pericardial 
effusion. However, only with intrapleural pressure 
recording could one guarantee that the respiratory 
levels were identical. 

The variation in heart rate during respiration 
was minimal and made it unnecessary to correct 
left ventricular ejection time for heart rate. In 
the presence of a significant sinus arrythmia, cor- 
rection of left ventricular time for heart rate is 
mandatory. The Bazett formula (Left ventricular 
ejection time/R-R interval) may be an unreliable 
index of beat to beat variation in stroke volume if 
marked variation of the R-R interval is present. 
In such a case, correction of the left ventricular 
ejection time should be made by the more complex 
formula of Weissler et al,? which expresses the 
observed changes as deviations from expected nor- 
mal values. 

Patients who have severe congestive heart fail- 
ure and pulsus alterans are expected to show some 
variation in ejection time from beat to beat, but 
this variation is not parallel with respiration. The 
presence of marked obesity or obstructive lung 
disease can be associated with a respiratory varia- 
tion in systolic pressure, but we have not observed 
respiratory variation of ejection time with heart 
failure alone. This is consistent with results of pre- 
vious studies which demonstrated that, in patients 
with obstructive lung disease, respiratory varia- 
tions in systolic pressure will occur without simul- 
taneous changes in pulse pressure or stroke vol- 
ume.?.3 

Clinical applications: Measurement of the ejec- 
tion times during respiration appears to be useful 


in evaluating patients with suspected pericardial 
effusion. Obviously, large numbers of different 
subgroups of patients with congestive heart fail- 
ure must be studied to establish the range of respi- 
ratory variation in left ventricular ejection time 
before one can say that the findings described 
clearly separate heart failure from pericarditis 
with effusion. Patients with severe failure may 


LEFT VENTRICULAR EJECTION TIME IN PERICARDIAL EFFUSION 


have small pericardial effusions. Since these are 
hemodynamically insignificant, it seems unlikely 
that they would affect the left ventricular ejection 
time. However, our study suggests that the mea- 
surement of left ventricular ejection time not only 
is a useful method in establishing the diagnosis of 
pericardial disease, but also is an objective mea- 
surement by which one can evaluate therapy. 
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Beta Adrenergic Blockade, 1972 


. Pharmacology and Clinical Uses 


DONALD C. HARRISON, MD, FACC 


Stanford, California 


For several decades, investigators have considered 
. the possibility that sympathetic nervous system ac- 
. tivity and the effects of catecholamine administra- 
. tion were mediated through receptor mechanisms. 
. Ahlquist, in 1948, first presented scientific evi- 
_ dence to document the concept of receptor mecha- 
nisms for the action of catecholamines. His hy- 
pothesis was based on the graded sensitivity in 
neuromuscular responses of a variety of tissues to 
different vasoactive amines. He described a system 
of 2 major types of receptors, alpha and beta, op- 
erative in many mammalian systems. The intro- 
duction of phenoxybenzamine in the 1950's as a 
specific blocker of the alpha receptor supported 
some of the postulates of Ahlquist, and Powell and 
Slater? in 1958 reported the use of dichloroisopro- 
terenol as a specific beta blocker, clearly confirm- 
ing the basic tenets of the theory. However, di- 
chloroisoproterenol was never used in clinical 
medicine because of its initial properties of stimu- 
lating the beta receptor before blocking it. Since 
1960, a number of other specific beta-adrenergic 
blocking agents have been developed.*:4 

The introduction of, and the basic and clinical 
studies with, these new classes of beta adrenergic 
blocking drugs has led to a better understanding of 
cardiovascular physiology in health and disease. 
For example, the study of arrhythmias has been 
advanced through the use of beta adrenergic block- 
ing drugs as a means of defining the action of cate- 
cholamines on conduction velocities, atrioventricu- 
lar conduction, arrhythmia threshold and intracel- 
. lular action potentials. In angina pectoris, labora- 
tory and clinical studies with beta blocking drugs 
have provided important tools which have led to 
better understanding of the role of heart rate, con- 
tractile state, afterload, and preload in myocardial 
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oxygen consumption. In idiopathic subaortic ste- 
nosis, the responsiveness of the left ventricular 
outflow tract obstruetion to catecholamines, and 
the blocking of this aetion by specific beta adrener- 
gic blocking drugs, has produced a physiologic un- 
derstanding of this important clinical entity. Beta 
blocking drugs have also been utilized in studies 
that clarify the interrelation of thyrotoxicosis and 
the autonomic nervous system activity, in under- 
standing factors which control peripheral vascular 
resistance, and in developing better understanding 
of agents which influence the inotropic state of the 
myocardium.? 

Clearly, these agents are extremely important 
for managing patients with heart disease, and 
their use has provided us with widened horizons 
for understanding the role of the sympathetic ner- 
vous system in disease, 


Basic Pharmacology 


The concept of beta adrenergic blockade remains 
a pharmacologic one, with the definition relating 
to the potency of any particular agent to block the 
specific and selective beta adrenergic stimulating 
properties of the prototypical catecholamine, iso- 
proterenol. Although biochemical and electron mi- 
croscopie studies have not clearly revealed the 
character of the receptor mechanisms, recent 
studies have shown that a microsomal fraction of 
canine ventricular myocardium concentrates ra- 
dioactive-labeled norepinephrine.? This bound nor- 
epinephrine could be displaced by beta adrenergic 
stimulating catecholamines and by propranolol, a 
specific beta adrenergic blocking drug. Thus, it 
was postulated that these microsomal particles 
contain the beta adrenergic receptor. 

At present, more than 16 drugs with beta adren- 
ergic blocking properties have been developed and 
studied in laboratories throughout the world.’ 
Many of these compounds have both specific beta 
adrenergic receptor blocking actions and direct ac- 
tion, or “membrane-like” activities. An under- 
standing of both of these properties is important in 
defining the action of these drugs in the treatment 
of disease. For propranolol and alprenolol, 2 spe- 
cific isomers, d- and l-, have been described. The 
d-isomers have few beta blocking properties, but 
have membrane effects. The l-isomers have almost 
no membrane effects, and have potent beta block- 


ing properties. Drugs such as Sotalol and practolol 
have no membrane effects, and the recently intro- 
duced drug, practolol, is relatively cardiospecific. 
These agents block the stimulating actions of cate- 
cholamines on the heart; that is, they block the in- 
creased heart rate, rate of pressure development in 
the ventricle, contractile state and cardiac output, 
as well as the peripheral vasodilatation produced 
by norepinephrine and isoproterenol. Other neuro- 
muscular sites in mammalian tissue also have beta 
receptors, and their stimulation is blocked by these 
agents.? 

Several thousand papers are published yearly 
describing studies with the use of beta blocking 
drugs. Clinical studies utilizing these drugs have 
been carried out throughout the world. In most 
countries in Europe, Asia and Africa, a variety of 
beta blocking drugs are available for the treat- 
ment of patients with cardiovascular disorders. 
However, in the United States, propranolol is the 
only beta adrenergic blocking agent that has been 
approved by the Federal Food and Drug Adminis- 
tration for the treatment of disease in man. Its 
use has been restricted to the treatment of ar- 
rhythmias, complications of pheochromocytoma 
and hypertrophic subaortic stenosis. Nevertheless, 
a number of investigational studies in this country 
have demonstrated the beneficial effects of pro- 
pranolol and other beta adrenergic blocking drugs 
in angina pectoris and have provided a new physio- 
logic approach to its treatment and prevention in 
many patients. 


Clinical Applications 


Propranolol, which has both beta blocking and 
*membrane-like" properties, has been the most ex- 
tensively studied agent for the treatment of dis- 
ease in man. Practolol, Sotalol®, oxprenolol, al- 
prenolol and other compounds have also been 
studied. The following summary of the general 
clinical applications of beta blocking drugs relates 
primarily to propranolol. 

Arrhythmias?: Both the membrane and beta 
blocking properties of propranolol are operative in 
the treatment of cardiac arrhythmias. Its use for 
the treatment and prevention of almost every 
known cardiac arrhythmia has been reported. 
However, for the treatment of arrhythmias, pro- 
pranolol is an agent of secondary importance. The 
specific situations that indicate its use include ar- 
rhythmias induced by the administration of cate- 
cholamines; atrial fibrillation and atrial flutter; 
conditions in which digitalis cannot be adminis- 
tered in doses large enough to produce high de- 
grees of atrioventricular block and adequate slow- 
ing of the ventricular rate; interruption of refrac- 
tory paroxysmal tachycardias; treatment of digi- 
talis intoxication producing atrial tachycardias 
and ventricular arrhythmias; and in paroxysmal 
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arrhythmias that occur after cardiac surgery, due 
either to digitalis intoxication or to electrolyte ab- 
normalities. In patients with the latter arrhyth- 
mias, the drug should be administered with cau- 
tion, since the sympathetic drive to the heart is es- 
sential for survival. We have recommended intra- 
venous doses of 1 mg, given every 5 minutes for a 
total of 3 doses, or a total of 3 mg. An alternative 
method is the administration in most patients of 
100 to 200 „g/kg over a period of 10 minutes. 

Beta blocking drugs have also been used with re- 
ported beneficial effects for the prevention of ar- 
rhythmias. These include refractory paroxysmal 
atrial tachycardias, atrial fibrillation and atrial 
flutter; when these paroxysmal arrhythmias are 
associated with the Wolff-Parkinson-White syn- 
drome, propranolol has been demonstrated to be 
uniquely beneficial. In patients with metastatic 
pheochromocytoma, and in patients with recurrent 
ventricular tachycardia, beta blockade may be use- 
ful. For the prevention of arrhythmias, proprano- 
lol is usually started with 40 mg/day in divided 
doses and increased up to a dose of 240 mg/day. 

Angina pectoris?: Beta adrenergic blockade pro- 
vides a unique physiologic approach for treating 
patients with angina pectoris. In the treatment of 
these patients, beta blocking drugs have poten- 
tially helpful and potentially harmful effects. The 
vector of these opposing forces determines whether 
or not the drug will be beneficial. Its potentially 
helpful effects include a reduction in heart rate and 
in the heart rate response to exercise, a decrease in 
the rate at which ventricular pressure is developed, 
a slight reduction in cardiac output, and a reduc- 
tion in the elevation of blood pressure which oc- 
curs with exercise. All of these effects reduce myo- 
cardial oxygen demands and therefore would be 
expected to benefit the patient with angina pec- 
toris. On the other hand, beta blockade frequently 
results in an increase in left ventricular diastolic 
pressure and ventricular volume and in the precipi- 
tation of congestive heart failure in patients with 
severe myocardial damage. These effects would be 
potentially harmful. Generally, propranolol has 
greater beneficial effects in those patients in whom 
extensive myocardial damage has not been pro- 
duced by the atherosclerotic coronary disease. 

The unique physiologic advantage of beta block- 
ade in angina pectoris is due to the reduction in 
myocardial oxygen demands, especially during ex- 
ercise. This allows a patient to do more external 
work, while requiring decreased myocardial oxy- 
gen delivery, thus delaying the onset of ischemia 
and the occurrence of angina pectoris. When it is 
used in conjunction with isosorbide dinitrite, we 
have observed that 70 to 80 percent of patients 
selected for propranolol therapy benefit from it. 
Similar results have been reported for alprenolol, 
practolol, Sotalol and oxprenolol. In most countries 
other than the United States, all of these agents 
are available for the treatment of angina pectoris. 
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Myocardial infarction: While great care must 
be exercised in the use of beta blocking drugs in 


" acute myocardial infarction, small doses of pro- 


pranolol (1 to 3 mg total intravenously) have been 
reported to be successful in preventing arrhyth- 
mias associated with myocardial infarction. The 
initial enthusiasm for the prophylactie adminis- 
tration of the drug in acute myocardial infarction, 
which resulted from reports from England show- 
ing drastic reductions in mortality, has been ques- 
tioned, and studies showing no beneficial effects 
predominate at this time. Recent studies in ani- 
mal preparations have suggested that propranolol 
may alter the size of an infarct by decreasing the 
damage to viable myocardial cells adjacent to the 
infarct. This benefit apparently results from the 
inhibition by beta blocking drugs of the sympa- 


= thetic discharge of circulating catecholamines 


which deleteriously affect partially viable myocar- 
dial tissue, Further studies are needed to charac- 
terize this action of beta blockade in myocardial 
infarction. At the present time, it seems wise to 
conclude that, in general, beta blocking drugs 
should not be used in acute myocardial infarction, 
except under controlled conditions in a coronary 
care unit, and by those with great experience in 
their utilization. 

Idiopathic hypertrophic subaortic stenosis: The 
left ventricular outflow obstruction in patients 
with this disorder is dynamic. We have recently 


_ characterized patients as having latent obstruc- 


tion, labile obstruction and fixed obstruction, with 
a vicious cycle leading to progression of the dis- 
ease.’ Catecholamine stimulation results in in- 
creased outflow tract obstruction in most patients 
with this cardiomyopathy. It is postulated that in 
labile and latent states, intrinsic increases in sym- 
pathetic activity produced by exercise or emotion 
may also increase the level of obstruction, thereby 
producing increased hypertrophy. Interruption of 
this sympathetically mediated increased obstruc- 
tion can be prevented by the administration of ef- 
fective beta adrenergic blocking agents. This has 
been demonstrated in a number of hemodynamic 
studies. Thus, it is our present practice to admin- 
ister propranolol on a long-term basis to patients 
with latent and labile obstruction when it has been 
demonstrated at cardiac catheterization that the 
obstruction is increased by catecholamine adminis- 
tration. As yet, no definite long-term studies have 
documented this mode of therapy to be beneficial. 
In most of our patients, there is a decrease in 
symptoms and in the severity of cardiac disease. 
Hypertension: The interrelation of the auto- 
nomic nervous system and hypertension has re- 
ceived increasing emphasis during the past several 
years. Several studies have demonstrated that 
blood pressure may be successfully lowered by the 
administration of beta blocking drugs. This effect 
is most frequently related to a decrease in cardiac 


output without significant change in peripheral 
vascular resistance, Controversy regarding the ex- 
act mechanism by which these agents decrease 
blood pressure still exists, and further studies are 
needed to characterize the action of beta blocking 
agents in hypertension before their widespread 
utilization for this purpose. ! 

Other conditions: Many other clinical condi- 
tions, including pheochromocytoma, thyrotoxico- 
sis, outflow tract obstruction of the right ventricle, 
tetralogy of Fallot, hyperkinetic states, anxiety, 
Parkinsonism, and the like have been treated with 
beta adrenergic blocking drugs. We have summa- 
rized the rationale and results of these studies in a 
previous publication.’ 


Side Effects and Contraindications 


A number of side effects have been reported in 
patients undergoing treatment with beta blocking 
agents. These include skin rashes, nausea and 
vomiting, diarrhea, purpura and a decreased meta- 
bolic response to hypoglycemic attacks in diabetes 
mellitus. Major side effects, such as extreme brady- 
cardia, the precipitation of congestive heart fail- 
ure, heart block and cardiogenic shock, have been 
reported in patients with severe cardiac disease. A 
physiologic understanding of the action of beta 
blocking agents on the sympathetic nervous system 
allows one to anticipate situations of probable seri- 
ous side effects. In patients with cardiogenic shock 
and latent or overt congestive heart failure, these 
agents should not be used, since the sympathetic 
nervous system is exerting maximal effect on the 
ventricular myocardium. In heart block, chronic 
obstructive lung disease and acute asthma, beta 
blockade is contraindicated. Occasional difficulties 
with slow idioventricular rhythm have been en- 
countered after cardioversion in patients receiving 
large doses of beta blocking drugs. The agent 
should be discontinued 72 hours before operation 
in patients undergoing elective cardiovascular sur- 
gery, since difficulties in starting and maintaining 
the heart at the termination of such procedures 
have been reported in patients receiving large 
doses of beta adrenergic blocking drugs. 


Future Developments 


The introduction of these agents and studies 
with them have led to important physiologic and 
biochemical advances in our knowledge of the role 
of the sympathetic nervous system in health and 
in disease. It seems likely that more basic under- 
standing may result from their continued study. A 
better appreciation of receptor mechanisms and 
their biochemical identification seems likely. It 
also seems possible that greater appreciation of 
the role of the sympathetic nervous system as com- 
pensation for conditions of decreased myocardial 
performance will result from laboratory and clini- 
cal studies with beta blocking drugs. Furthermore, 


M" 


separation of the inotropic and chronotropic ac- 
tions of these drugs by chemical techniques of syn- 
thesizing different types of molecules may well re- 
sult in development of drugs that act specifically 
for one or the other purpose. Recent studies have 
suggested that this separation may be possible. In 
a search for pharmacologic agents with specific 
membrane properties, some of the isomers of new 
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beta blocking drugs may allow a better separation 
of membrane effects from beta blocking effects. 
The need for a new long-term or antiarrhythmic 
agent is apparent to many investigators in cardiol- 
ogy, and it seems possible that an entirely new 
class of drugs may be developed along the lines of 
the d-isomers of some of the more important beta 
blocking drugs. 
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Action and Nomenclature of Nitroglycerin and Nitrate Esters 


JOHN C. KRANTZ, Jr., PhD, FACC 
Baltimore, Maryland 


Sublingually administered nitroglycerin has re- 
mained for nearly a century the most effective and 
dependable drug for the treatment of coronary ar- 
tery insufficiency. Recently, extensive investiga- 
tions into the mechanism of action of nitroglycerin 
have substantiated that this agent is a potent coro- 
nary vasodilator; in addition, new suggestions in- 
dicate that a peripheral hemodynamic effect may 
also play an important role in its overall therapeu- 
tic value. Aside from the use of nitroglycerin to 
relieve the acute anginal attack, it is now recog- 
nized that the drug may be employed prophylac- 
tically when a stress-inducing activity is antici- 
pated. 

Today sublingually administered nitroglycerin 
maintains its preeminent position in the manage- 
ment of coronary insufficiency. However, the agent 
does not provide sustained action and repeated 
dosing with as many as 30 sublingual tablets in a 
day may be required. This prompted the pharma- 
ceutical industry to develop long-acting coronary 
dilators that provide the béneficial actions of ni- 
troglycerin and eliminate the disadvantage of repe- 
titious dosing. 

Research has proceeded along 2 distinct paths. 
The first approach was to look for a new compound 
pharmacologically like nitroglycerin although ex- 
hibiting a longer duration of action resulting from 
inherent chemical activity. Such efforts have re- 
sulted in the development of agents like isosorbide 
dinitrate (Isordil® and Sorbitrate®) and penta- 
erythritol tetranitrate (Peritrate®), the so-called 
long-acting organic nitrates. These agents, avail- 
able orally, have a somewhat delayed onset of ac- 
tion when compared with nitroglycerin but they 
show demonstrable effects well after sublingually 
administered nitroglycerin is rendered inactive. 
An entirely different approach was to utilize ni- 
troglycerin itself, thus retaining its proved thera- 
peutic activity and prolonging its pharmacologic 
half-life by pharmaceutical processes. 
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Recent advances in pharmaceutical technology 
have resulted in the preparation of time-disinte- 
gration granules of nitroglycerin such as Nitrong®, 
which provide a controlled-release therapeutic dose 
over a prolonged period. This achievement has 
been documented by human blood level studies as 
well as other objective physiologic measurements 
employed in angiologic research. These experimen- 
tal data clearly negate older erroneous concepts 
concerning poor absorption of orally administered 
nitroglycerin. 

It is clear that sublingually administered nitro- 
glycerin bypasses the portal circulation and thus 
prevents degradation by the liver. Despite the deg- 
radation of orally administered nitroglycerin, ade- 
quate therapeutic amounts of the drug may be 
available. This appears to be the case from studies 
by Krantz et al.! which indicate that only a frac- 
tion of the administered dose is required for opti- 
mal dilatation of the coronary vessels. These work- 
ers perfused the coronary vessels of the isolated 
rabbit heart (Langendorff preparation) with a 
known concentration of nitroglycerin and found 
that only 14 percent of the administered dose was 
retained by the heart; the remainder was recov- 
ered unchanged in the perfusate. This finding may 
also apply to the intact system, suggesting that 
only minute quantities of unaltered nitroglycerin 
are necessary to evoke a maximal response in man 
after oral administration. These sustained-action 
forms of nitroglycerin have been classified as long- 
acting organic nitrates. Although the sustained- 
action device delays the rate of absorption of nitro- 
glycerin, it does not alter its structure. Therefore, 
it is desirable to differentiate the true long-acting 
organic nitrates, such as isosorbide dinitrate and 
pentaerythritol tetranitrate, from those products 
that provide a controlled release of nitroglycerin. 

Classification of antianginal drugs: Although 
many existing classifications attempt to distin- 
guish between the various antianginal drugs, they 
are often not based on objective experimental find- 
ings and thus only add confusion to a controversial 
subject. I wish to propose a new classification 
based upon structure, pharmacology and therapy. 
This may be accomplished by establishing a set of 
criteria by which candidate drugs may be assigned 
to the most meaningful class. These criteria should 
include (1) chemical composition, (2) mechanism 
of antianginal action, (3) onset and duration of ac- 
tion, and (4) clinical application (Table I). 

Pharmacology of antianginal drugs: This is 
perhaps the most elusive field in terms of reliable, 


TABLE | 
Antianginal Therapy 





|. For the acute anginal attack 
(criterion: rapid onset) 
A. Sublingual administration 
1. Nitroglycerin 
2. Isosorbide dinitrate 
B. Inhalation 
1. Amyl nitrite 
Il. For the prophylaxis of angina pectoris 
(criterion: prolonged action) 
A. Oral administration 

1. Inherently long-acting (pharmacologic mechanism): 
isosorbide dinitrate (Isordil8, Sorbitrate®), pentaerythritol 
tetranitrate (Peritrate®) 

2. Inherently short-acting, made sustained-release 
(pharmaceutical mechanism): controlled-release nitro- 
glycerin (Nitrong®) 

3. Inherently long-acting, made sustained-release 
(pharmaceutical mechanism): isosorbide dinitrate, penta- 
erythritol tetranitrate 


straightforward experimental methods. The na- 
ture of the clinical disorder itself is such that quan- 
tification of its course is difficult to document. The 
significant emotional component, which introduces 
variables such as patient-physician rapport, envi- 
ronmental factors and placebo effect, must be care- 
fully considered. 

The pharmacologist searches for the objective 
measure of drug action and attempts to limit vari- 
ables while ensuring their statistical predictability. 
Such an approach can be found in applications of 
plethysmographic methodology to cardiovascular 
research. Modifications of this procedure have 
been successfully adapted to man by Winsor,” who 
measures finger pulse contour alterations and by 
Mason and co-workers,’ whose venous occlusion 
technique has provided strong support for an ex- 
tracoronary mechanism of nitrate action. Dilata- 
tion of peripheral vessels, both arterial and venous, 
leads to pooling of blood in the capacitance reser- 
voir, thus decreasing the functional circulating 
volume. Five minutes after oral administration of 
5 mg of isosorbide dinitrate plethysmographic ac- 
tion began and continued for 1 hour. The orally 
administered controlled-release nitroglycerin tab- 
let provided a duration of physiologic action for at 
least 7 hours (the period for which measurements 
were taken during the study) as reflected by pulse 
contour measurements.” A similar end result has 
been reported by Parker et al. with their method 
of femoral phlebotomy. 

Quantitative coronary angiography: Sones and 
Shirey? used coronary cinearteriography to mea- 
sure the degree of coronary vasodilatation after 
administration of nitroglycerin. Gensini and Kelly* 
further improved this technique by adding quanti- 
tative measurement of the lumen diameter and 
then feeding this information into a computer. 
This approach to the pharmacology of antianginal 
agents has demonstrated that sublingually admin- 
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istered nitroglycerin,? orally administered isosor- 


bide dinitrate® and controlled-release nitroglyc- — 


erin? actively dilate the coronary vessels. 

Gensini? reported a mean increase in lumen di- 
ameter of the capacitance vessels of the coronary 
arteries of 8.4 percent for the group swallowing 
tablets of 10 mg of isosorbide dinitrate. For those 
receiving sublingual doses of 5 mg of isosorbide 
dinitrate or the 5 mg tablet to be chewed and 
swallowed, the mean vasodilation was 15.2 and 
16.6 percent, respectively. The time of analysis was 
5 to 12 minutes after drug administration. For the 
group receiving the oral tablet of 2.6 mg of con- 
trolled -release nitroglycerin, the mean vasodilata- 
tion 1 hour after administration was 14.1 percent. 

Such action may lead to increased collateral cir- 
culation, thus aiding in the reinstitution of bal- 
anced flow to the ischemic myocardium. Although 
recent workers have detracted from the role of 
direct coronary vasodilation as a result of incon- 
gruities between antianginal efficacy and effects on 
coronary blood flow, quantitative angiography 
may help to reemphasize the importance of coro- 
nary vasodilation. 

Electrocardiographic stress tests: A third area 
of investigation has lately received attention in 
the study of the clinical value of drugs in manage- 
ment of angina pectoris. This approach makes use 
of the standard electrocardiogram and several 
sophisticated variations. Specific ischemic patterns 
have been identified in patients with angina at rest 
and during stress, and it is the action of a drug in 
reversing this electrocardiographic indication of 
coronary artery disease that is evaluated. Master 
and Rosenfeld’ studied the effects of a controlled 
stress by the 2-step method for the induction of 
S-T segment depression in the susceptible subject. 
More recently, portable continuous electrocardio- 
graphie monitoring units have been developed 
which enable the physician to study his patient 
around the clock. This telemetric technique spe- 
cifically lends itself to drug testing by virtue of the 
*normal" conditions under which this procedure 
can be performed. Perhaps most important is the 
objective indication as shown by the electrocardio- 
gram of myocardial ischemia rather than the pa- 
tient's subjective and often unreliable record keep- 
ing. 

Dynamie electrocardiographic studies under- 
taken by Karpman" and Bleifer'? have indicated 
that isosorbide dinitrate significantly improves the 
S-T segment in angina patients. In similar studies 
with orally administered controlled-release nitro- 
glycerin Winsor demonstrated a significant pro- 
tective effect against ischemic S-T depression in 
patients monitored throughout the day. 

The double-blind clinical study: This technique 
is presently purported to represent the most infor- 
mative of investigative methods. It depends pri- 
marily upon the patient reporting his own condi- 
tion and is thus open to many unpredictable vari- 
ables. According to the criteria used, certain dis- 
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tinguishing characteristics as well as specific func- 
tional similarities immediately become apparent 
regarding the long-acting nitrates and controlled- 
release nitroglycerin. 

Nature of prolonged pharmacologic and clinical 
action: Most critical is the nature of the pro- 
longed action of these agents. Both isosorbide 
dinitrate and pentaerythritol tetranitrate are con- 
sidered long-acting by virtue of their unique in- 
herent chemical and pharmacologic activity. The 
duration of cardiovascular activity is thus insepa- 
rable from the basic pharmacodynamic profile. 
Controlled-release nitroglycerin, on the other 
hand, demonstrates the same pharmacologic and 
metabolic characteristics as sublingually adminis- 
tered nitroglycerin, differing in its prolonged ef- 
fect which has been provided by a pharmaceutical 
method. : 

Perhaps more important than the mechanism of 
prolonged pharmacologic activity is the nature of 
this activity in the light of the therapeutic value 
of these agents in the treatment of coronary in- 
sufficiency. When considering how these drugs act 
and why they relieve the pain of angina pectoris, 
one is impressed by the functional similarities 
among compounds rather than by any distinguish- 
ing qualities. 


An impressive literature has been accumulated - 


on the mechanism of antianginal action of various 
agents. Two theories are presently receiving a 
great deal of attention. The first and traditional 
view is that antianginal compounds increase the 
luminal diameter of the capacitance vessels of the 
coronary tree, thus decreasing the oxygen deficit in 
the ischemic areas of the myocardium. Coronary 
cinearteriographic studies'* show direct coronary 
vasodilatation after administration of sublingually 
administered nitroglycerin and orally adminis- 
tered controlled-release nitroglycerin and isosor- 


bide dinitrate. These 3 agents demonstrate a sig- 
nificant activity upon the coronary arteries, and 
this effect may explain their value in angina. 

The gastrointestinal absorption of oral con- 
trolled-release nitroglycerin has been adequately 
demonstrated.'*!® With regard to quantitative 
findings, Winsor’ and Hirshleifer’® have per- 
formed blood flow studies employing the finger 
and forearm plethysmograph, respectively. These 
results show that sublingually administered nitro- 
glycerin and orally administered controlled-release 
nitroglycerin and isosorbide dinitrate demonstrate 
substantial plethysmographic activity, differing 
only in onset and duration of action. 

Controlled-release nitroglycerin exhibits the 
same pharmacodynamic action as sublingually ad- 
ministered nitroglycerin, extending the period of 
drug effect!? over many hours. Although the chemi- 
cal structure of isosorbide dinitrate is distinctly 
different from that of nitroglycerin, it has retained 
similar pharmacologic characteristics as nitroglyc- 
erin, which are assumed to result from the mutual 
presence of the nitrate ester moiety. 

In summary, a new classification for the anti- 
anginal drugs is suggested, establishing a set of 
criteria for a meaningful class designation. This 
classification more clearly emphasizes the similari- 
ties and differences among the various agents un- 
der consideration. More objective methods in an- 
giologic research relying more upon physiologic in- 
dexes and less upon subjective patient reports are 
also advocated. 

One who has watched this field of medicine 
change from empiricism to scientific exactness is 
still awed by the fact that nitroglycerin, the active 
ingredient in dynamite, dilates the coronary ves- 
sels. At present, this remains an enigma enveloped 
in an inscrutable puzzle. Perhaps some day the 
puzzle will yield to the researches of man. 


References 


1. Krantz JC Jr, Lu GG, Belland FK, et al: Nitrites. 19. 
Studies of the mechanism of action of glyceryl trinitrate. 
Biochem Pharmacol 11:1095—1099, 1962 

2. Winsor T: The segmental plethysmograph. Angiology 8: 
87-101, 1957 

3. Mason DT, Braunwald E: The effects of nitroglycerin 
and amyl nitrite on arteriolar and venous tone in the 
forearm. Circulation 32:755—766, 1965 

4. Mason DT, Spann JF Jr, Zelis R, et al: Physiologic ap- 
proach to the treatment of angina pectoris. New Eng J 
Med 281:1225-1228, 1969 

5. Parker JO, Case RB, Khaja F, et al: The influence of 
changes in blood volume on angina pectoris; a study of 
the effect of phlebotomy. Circulation 41:593—604, 1970 

6. Sones MF, Shirey EK: Cine coronary arteriography. Mod 
Conc Cardiovasc Dis 31:735—738, 1962 

7. Gensini GG, Kelly AE: Computer application in clinical 
and cineangiographic studies. Chest 57:131-135, 1970 

8. Gensini GG: Pathophysiological correlations in coronary 
artery disease. In, Hypoxia, High Altitude and the Heart. 
Advances Cardiol, Vol 56 (Vogel JHK, ed). Basel and New 
York, Karger, 1970, p 113-125 


9..Gensini GG: Quantitative angiography: the measure- 
ment of coronary vasomobility in the intact animal and 
man. Chest 60:522—530, 1971 

10. Master AM, Rosenfeld |: The two-step exercise test up 
to date. New York J Med 61:1850—1858, 1961 

11. Karpman H: Effect of drugs on the dynamic electro- 
cardiogram tracings. Presented at the Fourth Meeting of 
the International Committee of Cardiovascular Methods 
& American College of Chest Physicians, London, 
1970 

12. Bleifer S: Value of the dynamic electrocardiogram in 
assessing S—T segments. in Ref 11 

13. Winsor T: A review of action of antianginal agents. In 
Ref 11 

14. Gensini GG: Cine-arteriographic evidence of the efficacy 
assessing S—T segments. In Ref 11 

15. Winsor T: Hemodynamic response of oral nitrates: evi- 
dence of gastrointestinal absorption. Submitted for pub- 
lication 

16. Hirshleifer I: The sustained vascular effect of oral, con- 
trolled-release nitroglycerin measured by the segmental 
plethysmograph. Personal communication, 1971 


Introducing 





Nitr OStat nitroglycerin) 
potency-protected" 





tablet 





PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 


sublingual nitroglycerin 


Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the "potency-protected" sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 


100 PLA E NIE $99. "n 
Ar ETI iH 


@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.8996 label claim; 
average—104.4996 


~® Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.696 label claim; 
average—99.68% 


40 { Assay range—four additional lots stored without 
filler in bottle 


8 Assay range—four additional lots stored with 
30 E filler in bottle 
% of 
Label 
Claim 
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precision quality control... 
assured content uniformity 


Burroughs Wellcome Co. manufacturing know-how and quality contro! 
assures each tablet will uniformly provide 
the amount of digoxin you prescribe 


redictable patient response... 
proven biologic avallaoiity 


Recent clinical testing shows Lanoxin? (digoxin) 
consistently produces the digitalizing effect you want — 
not too little, not too much 


Contraindications: There are no absolute contraindications to digitalis. However, in 
ventricular paroxysmal tachycardia or ventricular fibrillation, it should be used only 
in refractory cases not induced by digitalis intoxication and if heart failure has 
developed. 

Precautions: If the patient has been given digoxin during the previous week or any 
other less rapidly excreted drug of the digitalis group during the previous two weeks, 
the dose of Lanoxin must be reduced accordingly. Because of impaired renal function 
and excretion in elderly patients, they frequently require lower than recommended 
doses. i 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with 
recommended doses. The diuretic agents as well as electrolyte manipulations by the 
physician are major causes of potassium depletion in cardiac patients. Under these 
conditions it may be necessary to reduce the usual dosages of Lanoxin during digi- 
talization and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes 
which are independent of myocardial diseases, e.g., cardiac tamponade, or to dis- 
orders not primarily of cardiac origin, as severe anemia. Despite a variable or poor 
response to digoxin in the presence of active rheumatic carditis, the development of 
cardiac failure is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are 
quite similar to those occurring with other digitalis preparations. The most common 





Lanoxin digoxin 


toxic manifestations are anorexia, nausea, vomiting and various cardiac arrhythmias, 
including ventricular extrasystoles and paroxysmal supraventricular tachycardia or 
fibrillation with AV block. In general, the gastrointestinal manifestations of toxicity 
with digoxin precede the cardiac arrhythmias occurring from overdosage. Further- 
more, because of the rapid dissipation of digoxin, manifestations of foxicity are of 
short duration, usually lasting from a few hours to one or two days. If necessary, 
potassium chloride may be administered as an intravenous infusion containing (adult 
dosage) 40 milliequivalents in 500 cc. of 5% dextrose in water, given over the course 
of 1 hour and repeated, if required, until a total of 120 milliequivalents have been 
given (1 mEq. KCI = 74.5 mg.).Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. 
For children, the intravenous infusion dosage of potassium chloride would be 5 to 10 
milliequivalents in 100 cc. of 5% dextrose in water given over the course of 1 hour, 
repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxi- 
cation with abnormal cardiac rhythms, potassium chloride may be given orally in 
divided doses totalling 4 to 6 grams per day (adults) or 1 to 2 grams (children) pro- 
vided renal failure is not present. 

LANOXIN*digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 
0.25 mg. (white) scored, in bottles of 100, 500, 1,000 and 5,000; also Unit Dose 
Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 0.5 mg. (green) scored, 
in bottles of 100 and 1,000. 





* Complete literature available on request from Professional Services Dept. PML. 
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THEY DO 


Sell you equipment 


YOU MUST DO 


Initial investment of receiving equipment 
Initial investment of transmitting equipment 
Service and maintenance of equipment 
Setup laboratory space 

Hire and specially train technicians 

Install special phone lines (Toll Free if you 
want to be like us) 

Set up 24 hour, 7 day a week emergency 
service 

Purchase additional liability and 
malpractice insurance 

Set up billing relationship with third 

party insurers 

Bill patient and third party insurers 


YOU GET 


Information on impending battery 
failure only 





WE DO 


Supply & maintain all equipment 

Supply toll-free phone lines for patients 
Supply 24 hour—7 days a week service 
Supply full staff of trained technicians 

Supply complete insurance protection 

Take responsibility for all insurer relationships 
All billing made directly to third party 


YOU MUST DO 


Send us prescription 


YOU GET 


Information on impending battery failure plus 
pulse correlation 

Complete analysis by qualified 

Cardiologist: 


e Rate in milliseconds 

e Graph of rate change 

e Pacer-Pulse capture recording 
e 


Determination on whether 
Pacemaker is actually 
capturing heart 


Instant notification of emergency situation 


CHOOSE US? 


Send in the coupon below or call us collect today (215) 665-0700 
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CARDIAC DATACORP., INC. : 
Department CD 2-B i 

1705 Walnut Street 1 

! Philadelphia, Pa. 19103 ! 

[] Please send me full information on the Pacemaker i 
Evaluation System. ! : 

[] Please have your representative call. 
I 

NAME | 
(please print) i 

ADDRESS — ogee : 
1 

i 

CITY STATE ZIP 
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After the classic 
“2-Step” Test aids 
ina ot si z 
angina, long-acting 
Nitro-Bid* 
(nitroglycerin) is a 
logical third step. 
Here's why. 


. . long-acting 
Piles ions 


preparations... 
are...very good.” ' 


Another patient benefit product from i| M 


In angina secondary to 
arteriosclerotic heart 
disease, long-acting 
Nitro-Bid® (nitroglycerin) 
therapy assists in the "total 
management" of your patient. 
Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina attacks 
..increase exercise 
tolerance. 


“In nocturnal 
angina, the 
long-acting 
nitroglycerin 
preparations have 
been very helpful.” 
Long-acting Nitro-Bid 

Plateau CAPS? provide a 
metered sequence of 
medication during the 


night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
aus M quite an 


asset gees 

Nitro-Bid 2.5 and Nitro-Bid 
6.5 capsules afford two 
dosage strengths for 
convenience in increasing 

or decreasing dose to accom- 
modate patient symptoms. 





















NITRO-BID 2.5 
nitroglycerin 2.5 mg) 
(nitrogt CAPS” 


AIITD/ | £2» In 
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(nitroglycerin 6.5 ^n 
Plateau CAPS* 


Professional Use Information 


Indications: For prophylactic use in 
angina pectoris. 

Contraindications: Early myocardial 
infarction, severe anemia. glaucoma, 
increased intracranial pressure. 
idiosyncrasy. 

Precautions: For ORAL. not sublingual 
use. If blurring of vision or dryness of 
mouth occurs. discontinue drug. 
Tolerance máy develop on long-term 
usage. 

Adverse Reactions: Occasional transient 
headaches. Overdose may cause flush- 
ing. headaches, tachycardia. dizziness. 
Dosage: One capsule two or three times 
daily at 8 to 12 hour intervals. 
Reference: 

1. Master. A. M.: The management of 


angina pectoris. Modern Medicine 
38:92-100 (Feb 23) 1970. 
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This very small package means a very 
big advance in emergency lifesaving 





Introducing LifePak 2* ...an exciting new. 
battery-operated portable DC defibrillator/cardioscope, 
the newest addition to the Physio-Control family of defib- 
rillators. It is by far the smallest, lightest, most rugged - 
and versatile instrument of its kind available today! 
LifePak 2 is small enough and light enough for a doctor, 
nurse or paramedic to carry easily while running to reach 
a heart attack victim. At the scene, LifePak 2 pertorms 
more coronary diagnostic and treatment functions than 
any portable defibrillator made. 

Like LifePak/33* (the portable defibrillator/ 
cardioscope that revolutionized emergency coronary 
care), LifePak 2 offers Physio-Control’s exclusive 
QuikLook 9 feature...instantaneous ECG readings by 
means of defibrillator paddles that function as monitoring 
electrodes. LifePak 2 is the only portable defibrillator 
to offer an optional, built-in FM modulator for trans- 
mitting ECG signals by telephone. Other features 
include a larger scope, optional built-in synchronizer, 
built-in tester, single-push-button charge control, op- 
tional mobile charge-pak and extra-rugged construc- 
tion to take the beating of emergency use. 

To find out how big an impact this very small 
package can have on your emergency coronary care 
plans, go right to the top... to the world’s leading man- 
ufacturer of defibrillators. Contact: Physio-Control 
Corporation, 2607 Second Avenue, Seattle, Wash. 98121, 
or phone (206) 624-4824. Telex 32-0166. 





IJ .. 
C= Physio-Control 


*LifePak/33, LifePak 2 and QuikLook are registered trademarks of the Physio-Control Corporation. QuikLook 
feature patented under U. S. Patent No. 3,547,108. 
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(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 


Andnopitfalls, either, inthe management 

of the constipated cardiac patient. 

Because Dialose Plus is more consis- 
tently reliable than the old-fash- 
ioned constipation remedy. 

To lessen the strain of constipation, 
it provides the effective yet 
gentle peristalsis stimulation of 
casanthranol. 
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And Dialose Plus softens and lubricates, 
too...for easier, less painful 
defecation. 

Also available: Dialose^ (dioctyl sodium 
sulfosuccinate and sodium car- 
boxymethylcellulose) —for ef- 
fective stool softening and 
lubrication, when peristalsis 
stimulation is not required. 





STUART PHARMACEUTICALS | Pasadena, Calif.91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
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Addendum 


The following are abstracts of papers presented at the 21st Annual Session of 
the American College of Cardiology, March 1 to 5, 1972, Chicago, Illinois. 
They should be added to the complete selection of abstracts published in the 
February issue of the Journal (Amer J Cardiol 29: 250—299, 1972). 


Production of Arterial Hypertension by Cadmium 


GURDARSHAN S. THIND, MBBS; DARRYL N. BIERY, DVM; 
KENNETH C. BOVEE, DVM; HARRY F. ZINSSER, M.D., FACC, 
Philadelphia, Pennsylvania 


Cadmium, an environmental trace metal, has been im- 
plicated in the pathophysiology of human hypertension. 
It is thus important to establish whether systemic ar- 
terial hypertension can be produced in the dog after 
cadmium administration. Eight adult female dogs were 
given 24 intraperitoneal injections of cadmium acetate, 
2.0 mg/kg, over 9 months. Determinations of systemic 
blood pressure, heart rate, cardiac output, and selective 
renal arteriography and regional renal blood flow and 
routine hematologic and biochemical studies were seri- 
ally performed. All dogs completed the study without 
significant morbidity. There were no significant 
changes in the mean body weight or results of routine 
hematologic and biochemical tests. 

The mean systemic blood pressure was significantly 
increased (P value «0.025 to <0.05) in the dogs studied 
1 week after the sixth, twelfth, eighteenth and twenty- 
first cadmium injection. Although no significant blood 
pressure changes were noted 1 week after the twenty- 
fourth cadmium injection, significant bradycardia was 
present (P value <0.005). However, in all of the 4 dogs 
also studied 3 to 5 weeks after the last cadmium injec- 
tion, a significant increase in systolic blood pressure 
(P value <0.01) and bradycardia (P value <0.005) 
were found. It is concluded that long-term cadmium 
administration leads to development of persistent ar- 
terial hypertension and bradycardia in the absence of 
obvious signs and symptoms of cadmium overdosage. 
It is possible that the dog may be the preferred “ani- 
mal model" for future hemodynamic and other patho- 
physiologic studies of a noninvasive, chemically induced 
form of hypertension. 


The Effect of Amyl Nitrite on Myocardial Oxygen 
Extraction in Man With and Without Coronary Artery 
Disease 


EUGENE SANTILLI, MD; HARVEY G. KEMP, Jr., MD, FACC, New 
York, New York 


The action of amyl nitrite (AN) on the coronary cir- 
culation of man is unknown. To look for possible vaso- 
active effects of the drug, oxygen extraction by the 
myocardium was studied after the administration of 
AN to 13 subjects, 5 with normal coronary arteries and 
8 with coronary artery disease (CAD), as demonstrated 
arteriographically at the time of diagnostic cardiac 
catheterization. Paired arterial and coronary venous 
samples were obtained in a control state and every 30 
seconds after AN for 3 minutes and at 5 and 10 min- 
utes. Samples were analyzed for O, saturation (O, Sat) 
with the IL-182 CO oximeter. No significant alteration 
in arterial O, Sat was noted. Coronary venous O, Sat 
in normal subjects increased at 30 seconds from 35% 
Sat (SD 4.0) to 57% Sat (11.7), a rise of 63%, return- 
ing to control values by 2 minutes. Subjects with CAD 
showed a similar response: 35% Sat (sD 4.5) to 61% 
Sat (SD 9.0), a 71% increase in CS O, Sat. Pressure- 
time per minute, an index of MVO,, fell approximately 
20% in 30 seconds in both groups. These data suggest 
that coronary blood flow remains high relative to myo- 
cardial oxygen needs for about 2 minutes after AN 
administration, and demonstrate a rapid, primary vaso- 
dilating effect of the drug on the coronary circulation 
of man with and without CAD. 


Cardiovascular Bibliograhy of Selective Reviews: A Cooperative 
Program of the American College of Cardiology and the 


National Library of Medicine* 


ADRENAL GLAND NEOPLASMS 


Ultrastructural pathology of adrenal medullary tumors. 
Tannenbaum M. Pathol Annu 5:145-71, 1970 (33 ref.) 


ANTICOAGULANTS 


Anticoagulant and thrombolytic drugs. II. Clinical 
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Letters to the Editor 


A Potential Complication of 
Catheter Tip Transducers 


TO THE EDITOR: Traditional hemodynamic varia- 
bles obtained during cardiac catheterization, such as 
cardiac output, stroke volume, ventricular end-diastolic 
pressure, ventricular volume and ejection fraction, are 
useful for evaluating cardiac performance in terms of 
its pump function. However, these are not always sen- 
sitive indicators of myocardial function and do not 
truly reflect the inotropic state of the heart muscle. The 
latter is best evaluated by the force-velocity character- 
istics of the myocardium as reflected by the maximal 
velocity of contractile element shortening in the un- 
loaded heart (V,,,,)—an intrinsic property independent 
of ventricular loading. 

Vmax Of the intact heart has been derived from ex- 
perimental animals as well as from clinical investiga- 
tions by plotting contractile element velocity with in- 
stantaneous midwall stress during isovolumic systole, 
utilizing laborious angiographic analyses of ventricu- 
lar radii, wall thickness and volume during the cardiac 
cycle.! More recently, a simplified approach has been 
used utilizing instantaneous isovolumic pressure (IP) 
and its corresponding rate of rise (dP/dt), and without 
consideration of tension or wall stress since alterations 
of ventricular geometry during isovolumic contraction 
are negligible.? Thus, Vmax has been derived from the 
general equation: Vmax = (dP/dt)/(K x IP), where 
K represents the series elastic constant of 32 per muscle 
length at body temperature. Values obtained by both 
methods have been shown to be highly comparable.! 

In both methods, a high fidelity pressure recording 
system is essential for the precise determination of in- 
traventricular pressure and its corresponding dP/dt. 
This is not obtainable from saline-filled standard cathe- 
ter external manometer systems, but is reliably avail- 
able from specially constructed catheter tip micro- 
manometers. Since several prototypes of the latter are 
now available, it is likely that investigations utilizing 
this approach including studies in man, will continue to 
increase. 

The purpose of this short communication is to alert 
the medical community as well as manufacturers of this 
equipment to a potential hazard of the catheter tip 
transducer. This became apparent to us after a 2 hour 
ventricular function study in a dog. At the end of the 
study, the animal was sacrificed and the catheter micro- 
manometer (1 year old, twice sent back to manufacturer 
for balancing difficulties and base-line drift, P 866, 
Statham Instruments Inc.) was pulled back from the 
left ventricle into the carotid artery without difficulty 
or resistance. Surprisingly, the micromanometer was 
missing and, in its stead, the electrical wires were ex- 
posed (Fig. 1). Postmortem dissection of the heart, 
aorta and main branches revealed lodgment of the miss- 
ing transducer at the origin of the carotid artery. The 
mitral chordae tendineae were intact. . 








Figure 1. Recovered catheter tip micromanometer (below) and the 
exposed cut wires from the catheter (above). 


Unfortunately, the dog had already been sacrificed 
at the time of catheter withdrawal, when breakage may 
have occurred. The potential complication of such an 
occurrence in a live subject was therefore not mani- 
fested. However, it is obvious that systemic emboliza- 
tion is likely. More importantly, the likelihood of in- 
stantaneous ventricular fibrillation resulting from the 
exposed electrical wires is real. This can be deduced 
from the schematic diagram (Fig. 2) of a typical 
catheter tip microtransducer, connected to a recorder, 
which shows an excitation voltage of 7.5 v. 

We are not aware of a similar incident having been 
reported. Although obviously rare, it is a life-threaten- 
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Figure 2. Schematic diagram of electrical connections between 
micromanometer and recorder. 
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ing complication which could not be ignored, and should 
compel manufacturers to provide every assurance pos- 
sible for a break-free catheter tip transducer. Short of 
this, it may be necessary to limit catheter usage to a 
restricted number of studies in human subjects. 

This study was supported by Grant RR-305 from the 
General Clinical Research Centers Program of the 
Division of Research Resources, National Institutes of 
Health. 


Rene A. Arcilla, MD, FACC 
Robert Replogle, MD 
Chicago, Illinois 
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Propranolol and Quinidine 


TO THE EDITOR: I read with interest the paper by 
Fors et al. on the successful use of propranolol and 
quinidine in your February 1971 issue.1 May I draw 
your attention to earlier reports of similar good results 
arising from the combined clinical use of these drugs?-5 
. and to the experimental studies of the Italian group of 
investigators confirming these results.9- As Kennedy 
and West? demonstrated that the negative inotropism 
- induced by quinidine administration may turn to posi- 
tive inotropism at slower heart rates, the theory has 
been put forward? that the beneficial effect of the com- 
bination therapy may arise from the bradycardia ac- 
companying the administration of propranolol. 


Shlomo Stern, MD, FACC 
Jerusalem, Israel 


References 


1. Fors WJ Jr, Vanderark CR, Reynolds EW Jr: Evaluation of pro- 
pranolol and quinidine in the treatment of quinidine-resistant ar- 
rhythmias. Amer J Cardiol 27:190-194, 1971 

2. Stern S: Synergistic action of propranolol with quinidine. Amer 
Heart J 72:569—570, 1966 

3. Stern S: Conversion of chronic atrial fibrillation to sinus rhythm 
with combined propranolol and quinidine treatment. Amer Heart J 
74:170-172, 1967 

4. Visioli O, Bertaccini G: Combined propranolol and quinidine treat- 
ment in cardiac arrhythmias. Amer Heart J 75:719, 1968 

5. Stern S, Borman JB: Early conversion of atrial fibrillation after 
open-heart surgery by combined propranolol and quinidine treat- 
ment. Israel J Med Sci 5:102—107, 1969 

6. Visioli O, Botti G, Tagliavini S, et al: Effects of interaction of 
quinidine and beta-blocking agents on some cardiodynamic and 
hemodynamic parameters of normal individuals. Amer Heart J 
78:217—223, 1969 

7. Bertaccini G, Impicciatore M, Visioli O, et al: Effects of interaction 
of antiarrhythmic drugs and beta-blocking agents on the isolated 
rabbit heart. Arch Int Pharmacodyn 176:209—217, 1968 

8. Kennedy BL, West TC: Factors influencing quinidine-induced 
changes in excitability and contractility. J Pharmacol Exp Ther 
168:47—59, 1959 

9. Stern S: Hemodynamic changes following separate and combined 
administration of beta-blocking drugs and quinidine. Europ J Clin 
Invest, in press 


The Authors Reply 


We thank Stern for calling our attention to the ex- 
cellent paper by Kennedy and West. This study showed 
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that the negative inotropic effect and the alternation 
in eontractile force produced by quinidine was related 
to quinidine-induced changes in excitability rather than 
a direct effect of quinidine on contractile processes. The 
negative inotropic effect and depressed excitability 
were frequency-dependent, being noted at short beat 
intervals. At slow heart rates quinidine showed a posi- 
tive inotropic effect in contrast to propranolol. This is 
good news for a much maligned drug and confirms the 
observation that quinidine seldom overtly depresses 
myocardial function. It was with great misgiving that 
we began using propranolol and quinidine together 
knowing that both drugs were supposed to have a nega- 
tive inotropic effect. The number of patients actually 
experiencing heart failure with this combination was 
exceedingly small and could be related almost entirely 
to the use of propranolol alone, since stopping adminis- 
tration of this drug alone would reverse the signs of 
failure. These new data support our belief that the 
fear of using the 2 drugs in combination is unwar- 
ranted. 

We acknowledge that Stern published the results 
using propranolol and quinidine in combination in 2 
patients in an annotation in October 1966. Our first 
publication did not appear until October 1967 (Circula- 
tion 36: suppl 2: 221, 1967). 


E. W. Reynolds, MD 
Condon R. VanderArk, MD 
William J. Fors, Jr., MD 
Ann Arbor, Michigan 


Trifascicular Block and 
Complete Heart Block 


TO THE EDITOR: I have read with interest the ar- 
ticle by Steiner C, Lau SH, Stein E, et al. (Electro- 
physiologic documentation of trifascicular block as 
the common cause of complete heart block, Amer J 
Cardiol 28:436-441, 1971). 

The title indeed suggests that the authors have docu- 
mented (“proof or evidence to substantiate,” Webster’s 
Dictionary) the simultaneous involvement of all 3 seg- 
ments of the ventricular conduction system in patients 
with complete heart block. The authors, however, only 
reiterate the fact, already well known from some of 
their own previous investigations and those of others, 
that in patients with acquired complete heart block, His 
bundle electrocardiography demonstrates that the block 
is located distal to His potential. I failed to see in their 
results the actual documentation that proves that the 
site of block is located in the trifascicular network. 
Furthermore, in the discussion, they clearly state 
“When this technique [His bundle electrocardiogra- 
phy] is used it is not possible to be more precise in de- 
fining the exact site of block. It may be in the distal 
common bundle, in the bundle branches or in the pe- 
ripheral Purkinje system." 

This paper confuses further the discussion of com- 
plete heart block in that it attempts to provide elec- 
trophysiologic documentation for a most interesting 
concept but fails to do so. It would have been better if 
this title had been reserved for the publication of re- 
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sults in a similar group of patients after recording po- 
tentials from the left and right bundle branches and 
His bundle. If this were done and the presence of block 
distal to the 2 bundle branches documented, then one 
would have some indirect evidence to suggest the diag- 
nosis of trifascicular block, to the best of our present 
technical ability. 


Jorge C. Rios, MD 
Washington, D.C. 


The Author Replies 


To document means to prove or support (Webster's 
Dictionary), and our paper is intended to support the 
other evidence, both pathologic and electrocardio- 
graphic, that the common cause of chronic complete 
heart block is trifascicular block. We went to great 
lengths in the body of the paper to point out what the 
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limitations of His bundle recording are in this situa- 
tion, the essence of which is aptly quoted by Dr. Rios. 
Our conclusion is that this is direct electrophysiologie : 
evidence to support the pathologic and electrocardio- 
graphic concepts of trifascicular block. 

Dr. Rios' main objection appears to be to our title. I 
must point out to him that in a title, it is not possible 
to fully qualify every word. To do so would make the - 
title too long, and this would never be accepted by edi- 
tors or readers. The full value and qualification of any 
piece of work can only be assessed by reading the paper. 

I agree that it would be of great interest to study 
right and left bundle branch activity. The latter, how- 
ever, would require left heart study, which is by no 
means a totally benign procedure and is not indicated 
in this group of patients. 


Charles Steiner, MD 
New York, New York 





A Practice of Thoracic Surgery, third edition, by A. L. 
d'Abreu, J. Leigh Collis and D. B. Clark. London, Edward 
Arnold, 1971, 652 pages 


It is indeed a pleasure to read this latest edition of 
Professor d'Abreu's authoritative work, now expanded 
to include sections on cardiac and esophageal surgery 
written by his close associates. I found the sections on 
the “Surgery of Pyogenic Infection and Pulmonary 
Tuberculosis” and the chapters on “Pulmonary Neo- 
plasms and the Mediastinum” to be excellent and 
among the best available at this time. This edition con- 
tinues to present, in a highly personal manner, the view 
of practicing thoracic surgeons with vast experience. 

The introduction contains a good historic review, but 
I believe that Part I—''Anatomy, Physiology, Patient 
Selection, Operative Technique, and Post-Operative 
Care"—is somewhat superficial and inconsistent in its 
presentation to the serious student of thoracic surgery. 
The chapters on cardiac surgery are concise yet com- 
plete, and the illustrations are pertinent and of good 
quality. The one defect relates to the inability of the 
authors of a textbook to discuss fully recent changes in 
this rapidly changing field, such as open heart surgical 
techniques in infants, open vs. closed mitral commis- 
surotomy, and currently available prostheses. I assume 
that the time required to prepare the text necessarily 
made it impossible to report events occurring during 
the past 1 to 2 years. I believe, however, that the chap- 
ter on cardiac pacemakers is inadequate in the light of 
present knowledge in this area. “Surgery of the Esoph- 
agus" and “Chest Trauma" are presented in a clear, 
logical and complete manner. In summary, I believe 
that this book should be available in the library of any- 
one who is interested in the practice of thoracic sur- 
gery. 


Gerard A. Kaiser, MD 
Miami, Florida 


Chest Injuries. Physiologic Principles and Emergency 
Treatment, edited by Emil A. Naclerio, MD. New York, 
Grune & Stratton, 1971, 367 pages, $28.50 


Indubitably we live in a traumatic environment and, 
for those called upon to salvage and repair its devastat- 
ing effects, a sound knowledge of the pathologic pro- 
cesses and a keen understanding of the modalities of 
treatment are essential. Environmental problems rang- 
ing from civil disorders to automobile accidents bring 
an increasing number of patients into the emergency 
rooms of our hospitals where, not infrequently, the 
awareness of the physician who renders immediate care 
may spell the difference between life and death. This 
often relates to chest trauma. 

The book in question offers a systematic presenta- 
tion, chapter by chapter, of signs and symptoms, 
roentgenographic findings, problems in diagnosis and 
treatment pertaining to thoracic injuries. The ap- 
proach is schematic and well organized. The subject 
matter is extensive and varied, including items such as 
congestive atelectasis, shock lung, respiratory burns, 
blast injuries and blunt trauma. 

There are abundant drawings, charts, photographs 
and roentgenograms, although some of the latter are 
not as clear as one may want to see. Pathophysiologic 
features are stressed. Surgical techniques are not ex- 
pounded but rather given as broad directives. The most 
valuable part of the book is that on specific chest in- 
juries; particularly worthwhile is the chapter on 
“Wounds of the Heart and Great Vessels," with which 
the author has had considerable experience. 

If any criticism is to be made one would say that 
some fragmentation and repetition exist, but certainly 
the book is a worthy endeavor from which many a 
physician—and, one hopes, many patients—will benefit. 


George M. Gayola, MD 
New Rochelle, New York 





* BOOK REVIEWS 


Ischemic Forms of Venous Thrombosis by Henry Haimo- 
vici. Springfield, Ill, Charles C Thomas, 1971, 230 pages, 
$25 


A comprehensive review of the well documented pub- 
lished cases describing ischemic forms of venous 
thrombosis is presented in order to provide clarifica- 
tion of the clinical, pathophysiologic and therapeutic 
aspects of this entity. In contrast to the classic form 
of venous thrombosis with its relatively benign clinical 
course, there are instances of phlebitis exhibiting dra- 
matic and sometimes catastrophic circulatory dis- 
turbances (phlegmasia cerulea dolens or venous gan- 
grene). “Awareness of such a clinical entity is often 
the single most important factor leading to its diagno- 
sis." The author uses the term phlegmasia cerulea 
dolens to denote reversible ischemic changes and venous 
gangrene when there are various degrees of tissue loss. 
Gangrene usually first appears 4 to 8 days after onset 
of the ischemic signs. Ischemic gangrene is extremely 
rare in children. 

The clinical picture of both forms of ischemic phle- 
bitis is a combination of venous and arterial symptoms 
and signs. Cyanosis and edema are the most prominent 
venous manifestations, whereas absence of peripheral 
pulses, pain and decreased skin temperature indicate 
the extent of arterial involvement. The incidence of 
pulmonary embolism is much greater than in the usual 
types of thrombophlebitis. Treatment has consisted of 
elevation, exercises, anticoagulant agents, vasodilating 
agents, sympathectomy, thrombectomy, fasciotomy and 
amputation. The mortality rate in the group with 
phlegmasia cerulea dolens was 16 percent. However, 
when venous gangrene occurred, the mortality rate in- 
creased to 42 percent. 

This book presents a comprehensive review of the 
literature and a detailed study of the clinical course of 
ischemie venous thrombosis. A detailed bibliography is 
included. Although this type of phlebitis is uncommon, 
this study should be valuable to those interested in 
peripheral vascular disease. 


Robert A. Nabatoff, MD 
New York, New York 


Ischaemic Heart Disease, edited by J. H. deHaas, MD, H. 
C. Hemker, MD and H. A. Snellen, MD. Baltimore, Williams 
& Wilkins, and Leiden, The Netherlands, Leiden University 
Press, 1970, 439 pages 


The Boerhaave series on cardiology, held for the last 
15 years and intended for postgraduate medical educa- 
tion, is organized by the Faculty of Medicine, Univer- 
sity of Leiden, The Netherlands. The meeting on 
"Ischaemic Heart Disease" was held in English and 
organized by the Dutch Heart Association. 

There are 30-odd chapters in the book, all dealing 
with lively topics discussed by authorities in each spe- 
cific field. The first major section, “Aspects of Patho- 
genesis," discusses the pathology of ischemic heart 
disease, anatomy of thrombus formation, biochemistry 
of platelets and thrombus formation, biochemical 
changes in the myocardium during the reparative pro- 
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cesses after coronary artery occlusion, quantitation of 
enzyme release from infareted heart muscle, and in- 
cludes a panel discussion on aspects of pathenogenesis. 
Discussions by many authorities follow on the epi- 
demiologic approach, diagnostic methods in ischemic 
heart disease, ischemic heart disease and physical ac- 
tivity, epidemiology and primary prevention and treat- 
ment and secondary prevention. In this section and in 
others, practically every modern phase of coronary dis- 
ease is well discussed and well illustrated. The book is 
highly recommended as an excellent reference work for 
the cardiologist, internist, general practitioner and stu- 
dent. Cross-indexing would have improved the volume 
by permitting quicker access to specific topics. 


Arthur M. Master, MD 
New York, New York 


Principles and Techniques of Cardiac Pacing, by Seymour 
Furman, MD and Doris J. W. Escher, MD, with a chapter by 
Byron Parker. New York, Harper & Row, 1970, 269 pages, 
$12.50 


The development of the pacemaker has revolutionized 
our knowledge about the management of brady- and 
tachyarrhythmias. Although basic principles are rela- 
tively stable, the hardware and indications for pacing 
are quickly changing. These experienced authors are 
indeed courageous to have written a good review of 
this subject because new concepts are developing with 
such speed that often a text of this type is outdated be- 
fore it has reached the desk of the cardiologist, cardiac 
surgeon, physicians and nurses assigned to the coro- 
nary care unit. 

This well written book includes a history of the de- 
velopment of pacing, indications for the application of 
temporary and permanent pacing, management of com- 
plieations of implanted pacemakers and very practical 
considerations in the care of these patients. It also 
contains a critical review of equipment now available 
and a short discussion of pacemaker electronics that 
each reader should understand. 

The techniques and management of complications are 
well described and are illustrated by numerous elec- 
trocardiograms, roentgenograms and diagrams. The 
identification of improper pacemaker functions is 
clearly outlined, and the reader will have no trouble re- 
lating his experiences to those of the authors. Each 
chapter is liberally, but not exhaustively, referenced. 

Disappointingly, little if any is written on the sub- 
ject of pacemaker clinies and transtelephonic monitor- 
ing techniques, the hemiblocks, provocative cardiac 
pacing in the patient with angina pectoris, the tech- 
niques for terminating arrhythmias, and new pace- 
maker models. In spite of these shortcomings, the book 
serves well to provide an overall view of the changing 
field as it existed 2 years ago and serves as a very prac- 
tical guide to the utilization of temporary and perma- 
nent pacing. 


Bernard L. Segal, MD, FACC 
Philadelphia, Pennsylvania 
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Your electrocardiograms have many 
uses. Not the least of which is helping de- 
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to be discharged. 
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discharged patients that may one day save 
their lives. 
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emergency, the attending physician can 
begin proper treatment based on an up-to- 
date cardiogram. 
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heart-wave patterns. 
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Aldactone vox 


the only specific, competitive aldosterone 
antagonist for gradual, sustained diuresis with 
minimal possibility of potassium loss... 
especially indicated for the digitalized patient 





@ Produces a gradual, sustained diuresis 
which, over a period of weeks, may be 
greater than that produced’ with furose- 
mide or ethacrynic acid, while avoiding the 
dangers of sudden fluid or electrolyte deple- 
tion common with fast-acting diuretics. 


@ Helps prevent digitalis toxicity due to low 

myocardial potassium levels by helping to 

retain or restore myocardial potassium 

through its "'... action on the kidney, where 

it blocks! aldosterone action, and perhaps 

by direct cellular action as well...." In con- 
trast, thiazides, furosemide and ethacrynic 

acid cause potassium loss which can poten- 
tiate' myocardial potassium outflow. 


e May be combined with other diuretics 
for an additive effect —permitting lower 
dosages with each agent while helping to 
maintain potassium balance. 


Distributed by G. D. Searle & Co. 


P.O. Box 5110, Chicago, Illinois 60680 
Research in the Service of Medicine 
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Indications—Essential hypertension; edema or ascites of congestive heart failure, cir- 
rhosis of the liver and the nephrotic syndrome; idiopathic edema. Some patients with 
malignant effusions may benefit from Aldactonè, particularly when given with a thia- 
zide diuretic. 

Contraindications —Acute renol insufficiency, rapidly progressing impairment of re- 
nal function, anuria and hyperkalemia. 

Warnings — Potassium supplementation may cause hyperkalemia and is not indicated 
unless a glucocorticoid is also given. Discontinue potassium supplementation if hyper- 
kalemia develops. Usage of any drug in women of childbearing age requires that the po- 
tential benefits of the drug be weighed against its possible hazards to the mother and 
fetus. 

Precautions—Patients should be checked carefully since electrolyte imbalance may 
occur. Although usually insignificant, hyperkalemia may be serious when renal impair- 
ment exists; deaths have occurred. Hyponatremia, manifested by dryness of the mouth, 
thirst, lethargy and drowsiness, together with a low serum sodium may be caused or 
aggravated, especially when Aldactone is combined with other diuretics. Elevation of 
BUN may occur, especially when pretreatment hypei azotemia exists. Mild acidosis may 
occur. Reduce the dosage of other antihypertensive drugs, particularly the ganglionic 
blocking agents, by at least 50 percent when adding Aldactone since it may potentiate 
their action. ' 

Adverse Reactions—Drowsiness, lethargy, headache, diarrhea and other gastroin- 
testinal symptoms, maculopapular or erythematous cutaneous eruptions, urticaria, men- 
tal confusion, drug fever, ataxia, gynecomastia, mild androgenic effects, including 
hirsutism, irregular menses and deepening voice. Adverse reactions are infrequent and 
usually reversible. 

Dosage and Administration — For essential hypertension in adults the daily dosage is 
50 to 100 mg. in divided doses. Aldactone may be combined with a thiazide diuretic if 
necessary. Continue treatment for two weeks or longer since an adequate response may 
not occur sooner. Adjust subsequent dosage according to response of patient. 

For edema, ascites or effusions in adults initial daily dosage is 100 mg. in divided 
doses. Continue medication for at least five days to determine diuretic response; add a 
thiazide or organic mercurial if adequate diuretic response has not occurred. Aldac- 
tone dosage should not be changed when other therapy is added. A daily dosage of 
Aldactone considerably greater than 75 mg. may be given if necessary. 

A glucocorticoid, such as 15 to 20 mg. of prednisone daily, may be desirable for pa- 
tients with extremely resistant edema which does not respond adequately to Aldactone 
and o conventional diuretic. Observe the usual precautions applicable to glucocorticoid 
therapy; supplemental potassium will usually be necessary. Such patients frequently 
have an associated hyponatremia—restriction of fluid intake to 1 liter per day or od- 
ministration of mannitol or urea may be necessary (these measures are contraindicated 


in patients with uremia or severely impaired renal function). Mannitol is contraindi- 


cated in patients with congestive heart failure, and urea is contraindicated with a history 
or signs of hepatic coma unless the patient is receiving antibiotics orally to “sterilize” 
the gastrointestinal tract. 

Glucocorticoids should probably be given first to patients with nephrosis since Aldac- 
tone, although useful for diuresis, will not directly affect the basic pathologic process. 

For children the daily dosage should provide 1.5 mg. of Aldactone per pound of body 
weight. 

References: 1. Davis, J. O.: Hosp. Pract. 5:63-76 (Oct.) 1970. 2. Laragh, J. H.: Hosp. 
Pract. 5:43-50 (Nov.) 1970. 3. Tourniaire, A., and others: Lyon Méd. 223:707-716 (March 
29) 1970. 4. Seller, R. H.: Quoted in Medical News Section, J.A.M.A., 215:200-201 (Jan. 
11) 1971. 112 
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The negative power of undue anxie 
in congestive heart failure... 





^ . lypicalot many patients with congestive 


heart failure, he also suffers from severe 

anxiety, a psychic factor that may influence the character 
and degree of his symptoms, such as dyspnea. 

His apprehension may also deprive him of the 

emotional calm so important in maintenance therapy. 


Aid in rehabilitation 
Specific medical and environmental meas- 
ures are often enhanced by the antianxiety 
action of adjunctive Libritabs (chlordiaz- 
epoxide). Libritabs can also facilitate treat- 
ment of the tense convalescent patient until 
antianxiety therapy is no longer required. 
Whereas in geriatrics the usual daily dosage 
is 5 mg two to four times daily, the initial 
dosage in elderly and debilitated patients 
should be limited to 10 mg or less per day, 
adjusting as needed and tolerated. 

Concomitant use with primary agents 
Libritabs is used concomitantly with certain 
specific medications of other classes of 
drugs, such as cardiac glycosides, diuretics, 
antihypertensives, vasodilators and oral 
anticoagulants, whenever excessive anxiety 
or emotional tension adversely affects the 
clinical condition or response to therapy. 
Although clinical studies have not estab- 
lished a cause and effect relationship, phy- 
sicians should be aware that variable effects 
on blood coagulation have been reported 
very rarely in patients receiving oral anti- 
coagulants and chlordiazepoxide HCI. 


The positive power of 


Libritabs 


(chlordiazepoxide) 
5-mg, l0-mg; 25-mg tablets 


t.1.d./q.1.d. 


up to 100 me daily 


for severe anxiety 
accompanying 


Before prescribing, please consult complete product 
information, a summary of which follows: 


Indications: Indicated when anxiety, tension and apprehension 
are significant components of the clinical profile. 


Contraindications: Patients with known hypersensitivity to the 
drug. 

Warnings : Caution patients about possible combined effects 
with alcohol and other CNS depressants. As with all CNS-acting 
drugs, caution patients against hazardous occupations requiring 
complete mental alertness (e.g., operating machinery, driving). 
Though physical and psychological dependence have rarely been 
reported on recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase dosage; 
withdrawal symptoms (including convulsions), following discon- 
tinuation of the drug and similar to those seen with barbiturates, 
have been reported. Use of any drug in pregnancy, lactation, or in 
women of childbearing age requires that its potential benefits be 
weighed against its possible hazards. 


Precautions: In the elderly and debilitated, and in children over 
six, limit to smallest effective dosage (initially 10 mg or less per 
day) to preclude ataxia or oversedation, increasing gradually as 
needed and tolerated. Not recommended in children under six. 
Though generally not recommended, if combination therapy with 
other psychotropics seems indicated, carefully consider individual 
pharmacologic effects, particularly in use of potentiating drugs 
such as MAO inhibitors and phenothiazines. Observe usual pre- 
cautions in presence of impaired renal or hepatic function. Para- 
doxical reactions (e.g., excitement, stimulation and acute rage) 
have been reported in psychiatric patients and hyperactive 
aggressive children. Employ usual precautions in treatment of 
anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported very 
rarely in patients receiving the drug and oral anticoagulants; 
causal relationship has not been established clinically. 


Adverse Reactions: Drowsiness, ataxia and confusion may occur, 
especially in the elderly and debilitated. These are reversible in 
most instances by proper dosage adjustment, but are also occa- 
sionally observed at the lower dosage ranges. In a few instances 
syncope has been reported. Also encountered are isolated instances 
of skin eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased and de- 
creased libido—all infrequent and generally controlled with dosage 
reduction; changes in EEG patterns (low-voltage fast activity) 
may appear during and after treatment; blood dyscrasias (includ- 
ing agranulocytosis), jaundice and hepatic dysfunction have been 
reported occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy. 


Supplied: Tablets containing 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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IMPORTANT MESSAGE 
FOR PHYSICIANS, 
RESEARCHERS, 
CLINICAL LABORATORIES, 
AND PHARMACEUTICAL 
MANUFACTURERS. 


Interested in monitoring 
digitalis glycoside blood levels? 


Whether you're a clinician or researcher interested in 
monitoring patient digitalization... 

Or, a clinical laboratory hoping to provide 
physicians with the most sensitive tool for assessing 
blood levels of cardiac glycosides... 

Or, a pharmaceutical manufacturer concerned with 
the bioavailability of these glycosides in your products... 

Please note the current availability of four proven, 


easy-to-use Schwarz/Mann kits for the radioimmunoassay 


of digoxin (either PH] or ['?51]), or digitoxin (either 
PH] or ['251]) which satisfy all of the requirements 
listed above. 

A full 186 years after Withering introduced foxglove 
into clinical medicine for the control of congestive 
heart failure, one still reads that perhaps 20 to 25% of 
digitalized patients are actually overdigitalized to the 
point of toxicity, and that such toxicity now appears to 
have reached epidemic proportions.) 

Or one reads a report that claims the mortality rate 
from overdigitalization ranges from 3% to 21%. And in 
the same stucy, 1196 of digitalized patients thought to be 
on adequate daily maintenance therapy were shown 
to be underdigitalized. 

Or one reads of variability in the biological 
availability of digoxin in commercial preparations along 
with the suggestion that this may indeed represent a 
potential hazard to patients. 

Or one reads that the FDA is going to launch a 
digoxin bioavailability program.* 

Schwarz/Mann—the major factor in 
radioimmunoassay technology—now provides a practical 
means for dealing with the problem of monitoring 
digoxin and digitoxin blood levels: four self-contained 
kits that offer exceptional sensitivity, specificity, 
precision, and speed. For detailed information on the 
practical utility of radioimmunoassay techniques for the 





determination of glycoside blood levels, please see, 

for example, references (1), (2) and (3) below. For 

information on our kits, please use coupon. Thank you. 
REFERENCES 

(1) “Digitalis Serum Levels: Clinical Use.” J. F. Doherty, 

Annals of Internal Medicine (May, 1971). 

(2) “Digitalis Intoxication” G. A. Beller, et al., New 

England Journal of Medicine (May 6, 1971). 

(3) “Variation in Biologic Availability of Digoxin from 

Four Preparations.” J. Lindenbaum, et al., New England 

Journal of Medicine (Dec. 9, 1971). 

(4) "FDA to launch digoxin bioavailability program." 

FDC Reports (Dec. 20, 1971). 





Schwarz/Mann 


Division of Becton, Dickinson and Company 
Orangeburg, New York 10962. 


Schwarz/ Mann, Orangeburg, New York 10962 

'm interested in information about the following: 
C Digoxin Kits. 

[] Digitoxin Kits. 

O Other Radioimmunoassay Kits 

Name 

Title 

Department 





Organization 
Address 
Zip 
Telephone 
Area Code Number 
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ÍNSTRUCTIONS FOR AUTHORS | 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- — 
rial may not be reproduced in any form without the written permission : 
of the Publisher. Statements in articles are the responsibility of the au- $ 
thors. Authors will assist the editors in the prompt processing of manu- - 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
466 Lexington Ave. New York, NY 
10017. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
l, abstract as 2, etc. 

e Type all matter: (1) on 815 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ." followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 


-@ Provide a footnote to each table— 


identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints of each 
photo and drawing. (No negatives or 
slides.) 

e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows (black or white, which- 
ever is better for contrast) to desig- 
nate special features. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author's name. 

e Number figures in order in which 
they are mentioned in the text. 

e Indicate top of both photos and 
line drawings. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs, J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors' initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 


lescents (Moss AJ, Adams F, ed). 


Williams & Wilkins, 1968 


For books (with identical author and editor): 


Baltimore, 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 26 
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for edemas 


brand of 


yrenium 


triamterene. 


potassium-conserving 


diuretic 


acts within 2 hours'—“‘a single day's adminis- 
tration can be given with good effect.” ! 


usual dosage is one capsule twice daily—some 
patients may be maintained on one capsule 
daily or every other day. Since the action of 
‘Dyrenium’ is independent of aldosterone 
levels, dosage need not be increased as aldos- 
terone builds up. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. 

*Indications: Edema associated with congestive heart failure, 
cirrhosis, nephrotic syndrome and late pregnancy ; steroid-induced 
edema, idiopathic edema and edema due to secondary hyper- 
aldosteronism. 

Contraindications: Severe or progressive kidney disease or 
dysfunction (possible exception: nephrosis). Severe hepatic dis- 
ease. Pre-existing elevated serum potassium. Hypersensitivity to 
the drug. Continued use in developing hyperkalemia. Do not 
give potassium supplements, either by drug or by diet. 
Warnings: Observe regularly for possible blood dyscrasias, liver 
damage or other idiosyncratic reactions. Blood dyscrasias have 
been reported. Check BUN and serum potassium periodically, 
especially in the elderly, diabetics, and those with suspected or 
confirmed renal insufficiency. Use in pregnancy only when 
essential to patient welfare. 


cost to your patient—22c or Ilc per day— 
based on published list price plus national 
average retail markup (Rx 30). 


augments the effects of other diuretics—com- 
bined with another diuretic, *Dyrenium' can 
augment diuresis and natriuresis with lower 
doses of each agent.’ 


Precautions: If hyperkalemia develops, withdraw the drug. The 
following may also occur: electrolyte imbalance, low-salt syn- 
drome (with low salt intake), reversible mild nitrogen retention, 
decreasing alkali reserve with possible metabolic acidosis. Do 
periodic hematologic studies in cirrhotics with splenomegaly. 
Concomitant use with antihypertemsive drugs may result in an 
additive hypotensive effect. When Dyrenium (triamterene, 
SK&F) is to be discontinued after intensive or prolonged therapy, 
withdraw gradually because of possible rebound kaliuresis. 
Adverse Reactions : Diarrhea, nausea and vomiting (may indicate 
electrolyte imbalance), other gastrointestinal disturbances, weak- 
ness, headache, dry mouth, anaphylaxis, photosensitivity, ele- 
vated uric acid, rash. 

Note: ‘Dyrenium’ and spironolactone are not usually used 
concurrently; if thev are, however, frequent serum potassium 
determinations are required. 


Supplied: 100 mg. capsules in bottles of 100. 


|. Ross, E.J.: Aldosterone and Its Antagonists, Clin. Pharmacol. & Therap. 6:65 (Jan.-Feb.) 1965. 
2. Earley, L.E.: Edema Formation and the Use of Diuretics, California Med. 114:56 (Mar.) 1971. 


SISSF CO. 
Carolina, P.R. 00630 
A subsidiary of Smith Kline & French Laboratories 
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American College of Cardiology News 








Dr. Adams 


In the President's Page of the July 1971 
issue of this Journal, | documented and 
discussed the phenomenal growth over 
the past 2 decades of the American Col- 
lege of Cardiology. The total member- 
ship of the College has steadily in- 
creased from a mere 200 in 1951 to 
approximately 5,000 in 1972! Through- 
out this period of growth, the College 
has steadfastly attempted to maintain a 
high quality of membership, and this 
has been accomplished primarily by the 
excellent work of its Credentials Com- 
mittee, which carefully reviews each ap- 
plication for membership. 

In selecting members for the College, 
it is assumed that a group of highly 
qualified cardiologists working together 
for a common educational purpose best 
achieves the aims and goals of the Col- 
lege. The word cardiologist implies 
special interest, training and qualifica- 
tion in cardiology whether one is an in- 
ternist, pediatrician, surgeon, radiolo- 
gist or basic scientist. The highest rec- 
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The College and Young Cardiologists 


ognition of achievement, Fellowship, im- 
plies that the individual has achieved a 
significant degree of maturity in car- 
diology, and that this field is his domi- 
nant medical interest. Election to the 
Fellowship category is recognition of 
achievement, not of promise. 

Since not all cardiologists have dem- 
onstrated such an achievement, 2 other 
categories of membership are available 
for consideration depending upon such 
factors as training, recognition of abili- 
ties by peers, and age. These are Asso- 
ciate Fellowship and Affiliate. Younger 
individuals who manifest an interest in 
cardiology by participation in a training 
program in cardiology are eligible to 
apply for the Affiliate category. Once 
such an individual has completed his 
formal training in cardiology and is 
qualified for the subspecialty boards in 
his field, he is eligible for the Associate 
Fellowship category. All applications, of 
course, must be sponsored by Fellows 
of the College. 


Membership in the College has sev- 
eral practical advantages: subscription 
to the American Journal of Cardiology, 
no registration fee for attendance at the 
Annual Meeting of the College, reduced 
fees for attendance at Regional Con- 
tinuing Education Programs, reduced 
subscription charge for the ACCESS 
audio tape journal, and receipt of Col- 
lege news. The American College of 
Cardiology needs the contributions of 
the younger cardiologists for its con- 
tinued growth and programs of educa- 
tion. | encourage the younger cardiolo- 
gists to apply for membership in the 
College. 

In concluding this final .President's 
Page of my term of office, | extend a 
warm welcome to Dr. Samuel M. Fox III, 
who will be installed as the new Presi- 
dent this month. 


Forrest H. Adams, MD, FACC 


President, 1971-72 
American College of Cardiology 


445 





. COLLEGE NEWS 


Calendar of Continuing Medical Education Programs 





The 
' tinuing Medical 
- Likoff, MD, FACC, Chairman, announces 


Committee for Con- 
Education, William 


National 


_ the following calendar of programs. 


^ 







Each program 
arge knowledge and clarify the end- 
lessly changing frontiers which mark 
ientific achievements in the recog- 
nition and treatment of cardiovascular 


is designed to en- 


. disease. Although the disciplined ob- 
peo of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 


rector, 


the National 


exercises the prerogative of final re- 


view and approval, 
gram is sponsored solely by the College 


cr in collaboration with universities, 


colleges, hospitals and other profes- 


sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


Committee for 
Continuing Medical Education always 


whether the pro- 


gram structures vary as to methods of 
education. 


The National 


Committee for Con- 


tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 
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12-13 


- APR. 
17-20 


MAY 
8-12 


1972 


Electrocardiographic  Interpre- 
tation of Arrhythmias: A Physi- 
ologic Approach. Charles Fisch, 
FACC, director, Indiana Univer- 
sity Medical Center, Indianap- 
olis, Ind. 


Consultants' Course in Cardi- 
ology. Simon Dack, FACC, Ar- 
nold M. Katz, FACC and Rob- 
ert S. Litwak, FACC, directors. 
Mount Sinai Schoo! of Medi- 
cine, New York, N. Y. 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, direc- 
tor. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


Vectorcardiography: A Work- 


shop. Alberto Benchimol, 
FACC, director. Mountain 
Shadows Hotel, Scottsdale, 
Ariz. 


The Total Coronary Care Sys- 
tem—The Community and The 
Hospital. Sylvan L. Weinberg, 
FACC, William G. Cassel, FACC, 
C. W. Imm and Joseph M. Wil- 
son, FACC, co-directors. The 
Sheraton-Dayton Hotel, Day- 
ton, Ohio. 


Current Concepts in Cardiology 
1972. Philip R. Akre, FACC and 
John A. Bower, MD, directors. 
Riviera Hotel, Las Vegas, Nev. 


The Medical and Surgical 
Treatment of Cardiovascular 
Disease. J. Willis Hurst, FACC 
and W. Dean Warren, MD, di- 
rectors. Co-sponsored by ACC 
and Council on Clinical Cardiol- 
ogy of the American Heart As- 


sociation. Royal Coach Motor 
Hotel, Atlanta, Ga. 


MAY Computer Applications in Elec- 

12-13 trocardiography. C. A. Caceres, 
FACC, director, Sheraton Park 
Hotel, Washington, D. C. 

MAY Heart Sounds and Murmurs: 

18-19 An Audiovisual Presentation. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital, In- 
dianapolis, Ind. 

MAY A Critical Approach to Cardio- 

25-27 vascular Diagnosis. Arthur 
Selzer, FACC, director. Jack 
Tar Hotel, San Francisco, Calif. 

SEPT. Clinical Pharmacology of Car- 

9-11 diovascular Drugs. William B. 
Abrams, FACC and R. O. 
Davies, co-directors. Queen 
Elizabeth Hotel, Montreal, Que- 
bec, Canada. 

SEPT. A Symposium for Cardiac 

11-13 Nursing. Fred D. Ownby, FACC, 
director. Nashville, Tenn. 

SEPT. Mechanisms and Therapy of 

28-30 Cardiac Arrhythmias. Leonard 
S. Dreifus, FACC, director and 
Yoshio Watanabe, FACC, co- 
director. Hahnemann Medical 
College, Philadelphia, Pa. 

OCT. When, Why and How in Clinical 

2-4 Cardiology. Charles Fisch, 
FACC and Borys Surawicz, 
FACC, co-directors. Marion 
County General Hospital, In- 
dianapolis, Ind. 

OCT. Acute Myocardial Infarction— 

5—6 Pre Hospital Phase. John B. 
Johnson, FACC, director. Wash- 
ington, D. C. 

OCT. Vectorcardiography: A  Work- 

10-14 shop. Alberto Benchimol, 


OCT. 
17-19 


OCT. 
26-28 


NOV. 
3-5 


NOV. 
6-15 


DEC. 
8-10 


JAN. 
14—16 


MAR. 
16-18 


APR. 
2-11 


FACC, director: Mountain 
Shadows Hotel, Scottsdale, 
Ariz. 


Coronary Care Units and the 
Mobile Coronary Care Unit. 
William J. Grace, FACC, di- 
rector. St. Vincent's Hospital 
and Medical Center of New 
York, New York, N. Y. 


Diagnostic and Therapeutic Ap- 
proach to Cardiac Arrhythmias. 
Edward K. Chung, FACC, di- 
rector. The Greenbriar, White 
Sulphur Springs, West Va. 


Cardiology 1972. T. K. Lin, 
FACC, director. Honolulu, Ha- 
waii. 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, direc- 
tor. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


Title not available. Henry l. 
Russek, FACC, director. Ameri- 
cana Hotel, New York, N. Y. 


1973 


A Perspective on New Tech- 
niques in Congenital and Ac- 
quired Heart Disease. John H. 
K. Vogel, FACC, director and 
Bruce C. Paton and Leslie L. 
Kelminson, FACC, co-directors. 
Opticon Theater, Snowmass at 
Aspen, Aspen, Colo. 


Noninvasive Methods in Car- 
diclogy — Apexcardiography, 
Phonocardiography, Pulse 
Tracings and Phonoarteriogra- 
phy. Samuel Zoneraich, FACC, 
director. Queens Medica! Cen- 
ter, Jamaica, N. Y. 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, direc- 
tor. Rancho Santa Fe Inn, 
Rancho Santa Fe, Calif. 


Advance registration forms for these courses may be obtained by writing to Mary Anne Mclnerny, Director, Department of Con- 
tinuing Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


The American Journal of CARDIOLOGY 
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Advance Programs 


MAY 25-27, 1972 
San Francisco, California 


A Critical Approach to 
Cardiovascular Diagnosis 


Sponsors: 

The American College of Cardiology 
and 

Pacific Medical Center 

San Francisco, California 


Conference chairmen: 
ARTHUR SELZER, MD, FACC 


KEITH COHN, MD, FACC 
San Francisco, California 


Educational director: 


ROGER SHEPHERD, MD 
San Francisco, California 


Audience: The course is aimed at 
cardiologists and other clinicians 
with special interest and experience 
in cardiovascular diseases. 

Educational objectives: It will be 
assumed that participants are fa- 
miliar with diagnostic uses and cri- 
teria of the commonly used methods 
of examination: history, physical ex- 
amination, electrocardiography and 
roentgenography. The course will 
thus focus upon: (1) selection of 
diagnostic criteria with the best sen- 
sitivity and specificity and identifica- 
tion of those criteria most likely to 
lead the diagnostician astray; (2) 
establishment of diagnostic uses of 
newer techniques (for example, 
echocardiographic techniques and 
stress testing); (3) a critique of the 


positive contribution and the limita- 
tions of invasive diagnostic methods: 
cardiac catheterization, angiocardiog- 
raphy, arteriography; and (4) con- 
sideration of when, in the course of 
various disease entities, invasive 
techniques are indicated. 
Organization of material: Rather 
than discuss each diagnostic method 
by itself, the subject matter will be 
presented from the point of view of 
common cardiac problems. Each 
half-day session will be devoted to a 
disease or a group of related clinical 
problems. Within the context of each 
disease, the appropriate diagnostic 
techniques will be discussed in 
depth. 

Methods of presentation: The ple- 
nary session will de-emphasize didac- 
tic lectures. Each session will include 
the participation of 5 to 6 faculty 
members who will cover the impor- 
tant diagnostic methods applicable to 
the disease under discussion. The 
individual problems will be defined 
and the issues, identified by those 
with special expertise in the field who 
will cover them in depth and detail. 
Exchange of ideas among speakers 
will be invited regarding controversial 
points. 

In addition, the three luncheon peri- 
ods will be devoted to programmed 
workshops dealing with case exer- 
cises. The appropriate material will 
be sent to registrants in advance of 
the course. These luncheon sessions 
will be conducted in groups of ten 
and will serve to reinforce the im- 
portant ideas from the plenary ses- 
sion. 


t mer orem io 
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Evaluation: A self-test dealing with 
the important points to be covered 
in the course will be sent to each . 
registrant in advance. Registrants will - 
be requested to hand in this com- 
pleted test at the time of registra 
tion for the course. This pre-test will - 
help each registrant identify those — 
aspects of the conference of special ' 
value to him. A similar test will be - 
administered near the end of the 
conference. This will permit each. 
registrant to monitor his own prog- 
ress and will help the faculty to as- 
sess the effectiveness of the course 
and to plan future courses. | 


Guest faculty: Drs. S. Gilbert Blount, 
Denver, Colo.; J. David Bristow, Port- 
land, Ore.; J. Michael Criley, Torrance, 
Calif; Mervin J. Goldman, San Fran- 
cisco, Calif.; E. William Hancock, Stan- 
ford, Calif.; Joseph K. Perloff, Washing- 
ton, D.C.; and Richard Popp, Stanford, 
Calif. 


Local faculty: Drs. William L. Ander- 
son, William T. Armstrong, lan Carr, 
Nora F. Goldschlager, Leonard Karp- 
man, Masanobu Kamigaki, John J. 
Kelly, Manly F. Langston and Robert W. 
Popper 


Enrollment: 


Minimal and maximal enrollment has 
been established for this program. Ad- 
vance registration is requested. 


Fee: 

ACC members, $120; nonmembers, 
$170. A limited number of spaces will 
be reserved for cardiology fellows and 
residents at a reduced fee of $60. 


* Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of 
Continuing Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


Candidates Certified 


The following candidates were certified in the subspecialty of cardiovascular dis- 
ease on October 22—23, 1971, Palo Alto, Calif. 


Arizona Los Angeles San Francisco Tustin 
Tucson Salzman, Stephen H. Abbott, Joseph A. LeVine, Richard B. 
Schocket, Lee I. Beckmann, Charles H. : 
Californi gc can Walter S E is TONAR, atin 
h ene Scheinman, Melvin M. Bloomfield 
owney Redwood City Ritvo, Arnold S. 
San Pedro j 
Alexander, John D. Weinstein, Belson J. Wyman, Milford G. New Haven 
LaJolla S Wolfson, Steven 
Myers, James W. acramento Santa Barbara 
Long Beach Bonanno, Joseph A. Urquhart, Robert R. Colorado 
Allen, William H. San Bruno Sepulveda Denver 


Ellestad, Myrvin H. Rabbino, Michael D. Yankopoulos, Nicholas A. Spicer, Melvin J. 
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Florida Illinois 
Miami 

Sayfie, Eugene J. 
Miami Beach 

Zaron, Stephen J. 
Miami Lakes 

Martinez, Alvaro |. 


Boston 


Personals 


THOMAS J. RYAN, MD, FACC, Boston, 
has been appointed chief of the newly 
formed department of clinical cardiol- 
ogy at the University Hospital, a part of 
Boston University Medical Center. Dr. 
Ryan was formerly chief of cardiology 
at St. Elizabeth's Hospital, Boston. 


The Mayo Foundation Board of Trustees 
has anncunced plans for the September 
1972 opening of a four-year Mayo Med- 
ical School in Rochester, Minnesota. 
RAYMOND D. PRUITT, MD, FACC, a 
leader in the development of the school, 
will become the school's first dean and 
chief executive officer. In addition to his 
duties, Dr. Pruitt will remain director for 
education in the Mayo Foundation. 


Evanston 
Bernstein, Ira J. 


Massachusetts 


DeSanctis, Roman W. 


New York 
New York 


Ohio 
Canton 
Kamen, Alan R. 


Two Meetings in Singapore 


The Council on Epidemiology and Pre- 
vention, International Society of Car- 
diology, announces its Fifth Ten Day 
International Teaching Seminar on Car- 
diovascular Epidemiology, September 
24 to October 6, 1972, in Singapore. 
Nominees should be at the postdoc- 
toral level, with some residency train- 
ing or its equivalent. Nominations 
should be submitted by chiefs of de- 
partments or institutions, and should 
be accompanied by a personal letter 
of application for the nominee, to- 
gether with his curriculum vitae. The 
deadline for applications is April 1, 
1972. They should be sent to Jere- 
miah Stamler, MD, Secretary, Council 


Cardiovascular Teaching Day 





Hospital, Albany, N. Y. discuss the program with Raymond Harris, MD, FACC, 
chief, Subdepartment of Cardiovascular Medicine, St. Peter's Hospital and pro- 
gram chairman. Left to right: Sol Sherry, MD, FACC, professor and chairman of 
the Department of Medicine at Temple University School of Medicine, Philadelphia, 
Pa.; Ray W. Gifford, Jr., MD, FACC, head of the Department of Hypertension and 
Nephrology, Cleveland Clinic Foundation, Cleveland, Ohio; George E. Green, MD, 
assistant professor of surgery, New York University Medical School and associate 
attending surgeon at St. Luke's Hospital, New York, N. Y., and Dr. Harris. 
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Cincinnati 
Abbott-Smith. Charles W. 


Stringfellow, Charles A. 


Utah 
Logan 
Sorensen, John L. 


on Epidemiology and Prevention, ISC, 
Room LL 139, Chicago Civic Center, 
Chicago, IIl., 60602. 


The Fifth Asian-Pacific Congress of 
Cardiology will be held October 8 to 13, 
1972 in Singapore. The American Col- 
lege of Cardiology and the American 
Heart Association have made arrange- 
ments for a variety of group travel 
plans for those planning to attend the 
Congress. For further information write 
American College of Cardiology, 9650 
Rockville Pike, Bethesda, Md. 20014. 


Postgraduate Course 
on Exercise Testing 
and Training 


The Medical Rehabilitation Research 
and Training Center of The George 
Washington University Medical Center 
together with The American College of 
Cardiology, American Heart Association 
and The Social and Rehabilitation Ser- 
vice of the Department of Health, Edu- 
cation and Welfare will co-sponsor a 
week-long postgraduate course entitled 
"Exercise Testing and Training in the 
Care of Cardiac Patients and Coronary 
Prone Subjects: Principles, Techniques, 
Applications and Effects" at Airlie 
House near Warrenton, Virginia from 
April 16 through April 21, 1972. Regis- 
tration is limited to 150 enrollees and 
is open to physicians and associated 
health personnel working in the area 
of exercise and heart disease. The 
course will be co-directed by Herman 
Hellerstein MD, FACC, Cleveland, Ohio 
and John Naughton, MD, Washington, 
D.C. For further information write Dr. 
John Naughton, Director, Division of 
Rehabilitation Medicine, 2150 Pennsyl- 
vania Ave. N.W., Washington, D.C. 
20037. 


The American Journal of CARDIOLOGY 
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Paul Dudley White Symposium 
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The photograph at left shows part of the overflow audience of 1,003 physicians attending the Paul Dudley White Symposium: 


COLLEGE NEWS 





Major Advances in Cardiovascular Therapy held at the Americana Hotel in New York City December 10 to 12. The record 
registration marks an all-time high for ACC-sponsored continuing education programs. At right, program director Henry |. Russek, 
MD, FACC is shown congratulating Dr. White, who holds the plaque awarded to him at this meeting. The plaque read as 
follows: ‘‘The American College of Cardiology and St. Barnabas Hospital award this citation to Dr. Paul Dudley White, distin- 
guished physician, gifted teacher, noted scientist, world statesman for unparalleled achievement in cardiovascular disease. 


‘Your spark has illuminated the darkness and united all mankind in a common goal.’ ” 


Obituaries 





SAMUEL BELLET, MD, FACC, Philadel- 
phia, Pa., was born in Russia on August 
21, 1902 and died on December 13, 
1971. He was graduated from the Jef- 
ferson Medical College in 1925. He 
spent 1927 to 1934 in training in the 
disciplines of pathology, physiology, re- 
search surgery and clinical cardiology. 
During these years, he was also en- 
gaged in full-time training in the basic 


sciences, research and some teaching 
in undergraduate studies. Included were 
visits to various medical centers in New 
York, Boston, Cleveland, London and 
Paris to gain knowledge of techniques 
and disciplines used in cardiology. 

Dr. Bellet was assistant cardiologist, 
Philadelphia General Hospital from 
1927 to 1935; Fellow of the Robinette 
Foundation, University of Pennsylvania, 
1928 to 1934; member of the staff of 
the Robinette Foundation; associate 
cardiologist, Philadelphia General Hos- 
pital from 1935 to 1950; director, Di- 
vision of Cardiovascular Diseases, Grad- 
uate School of Medicine of the Univer- 
sity of Pennsylvania from 1948 to 1963; 
professor of Clinical Cardiology, Grad- 
uate School of Medicine of the Univer- 
sity of Pennsylvania from 1954 until 
his death; and lecturer in pharmacology, 
University of Pennsylvania School of 
Medicine; and director, Division of Car- 
diology, Philadelphia General Hospital, 
from 1951 until his death. 

Dr. Bellet's lectureships included a 
lecture under the auspices of the Rocke- 
feller Institute, Paris, in 1955 entitled, 
“The Effects of Electrolytes on the Elec- 
trocardiogram with Particular Reference 


to Potassium," and in 1957, the Mal- 
colm Rodgers Lecture on Cardiac Ar- 
rhythmias, University of Wisconsin. In 
1962 he was awarded the American 
Specialist Grant by the Department of 
State in cooperation with the American 
College of Cardiology to visit Israel and 
Turkey to demonstrate the latest tech- 
niques in cardiology. He was given a 
grant to establish a cardiovascular in- 
stitute in Karachi, Pakistan and was a 
member of the President's Commission 
on Heart Disease, Cancer and Stroke 
from 1964 to 1965. 

Dr. Bellet was a consulting editor of 
the American Journal of Cardiology at 
the time of his death and had served 
as associate editor of the Journal from 
1959 to 1964. He served as associate 
editor of the American Heart Journal 
from 1945 to 1950 and later as an edi- 
torial consultant. He was associate edi- 
tor of Circulation and editor of its Ab- 
stract Section from 1945 to 1956 and a 
member of the Editorial Board from 
1957 to 1962. He had been a member 
of the Editorial Board of the Journal of 
Electrocardiography since 1968. He be- 
came a Fellow of the College in 1958, 
and served a term as a member of the 
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Board of Trustees of the College; in 
1971 was named College Governor for 
Eastern Pennsylvania. He was a Fellow 
of the American Association of Univer- 
sity Professors and the American Col- 
lege of Chest Physicians. He was a 


member of the American College of 


Physicians, American Medical Associa- 


tion, American Heart Association, Heart 
Association of Southeastern Pennsyl- 
- vania, Philadelphia College of Physi- 
cians, Sigma Xl; New York Academy of 


Sciences, the American Physiological 
Society and the Federation of the Amer- 


_ ican Societies for Experimental Biology. 
He previously had been president of 


the Heart Association of Southeastern 
Pennsylvania, and chairman of the 
Medical Advisory Board, Athletic Com- 
mission, State of Pennsylvania. 

Dr. Bellet was author of approxi- 
mately 325 articles and numerous 
books, the most recent being the third 
edition of Clinical Disorders of the Heart 
Beat, published in August 1971. He 
conducted extensive research and study 


On cardiac arrhythmias, the effects of 
smoking and caffeine on the heart, the 
— effects of various pharmacologic agents 


and other variables on the heart, includ- 
ing the stress of automobile driving. 

He is survived by his widow Mrs. Jean 
Rosenthal Bellet, and his daughter 
Joan, 2021 Spruce St., Philadelphia. 


FRANCISCO L. RAFFUCCI, MD, FACC 
was born in Rincón, Puerto Rico on 
January 4, 1921 and died October 14, 
1971. He received his BS degree from 
the University of Puerto Rico in 1940 
and his MD degree from the University 


of Maryland in 1943. He completed his 


internship at the St. Agnes Hospital in 
Baltimore, Md. in 1944, and served in 
the Army of the United States as a 
battalion surgeon from 1944 to 1946, 
receiving the Bronze Star for meritori- 
ous services. He did his postgraduate 
work in surgery at the University Hos- 
pital of the School of Tropical Medicine 
in San Juan and at the University Hos- 
pital of the University of Minnesota 
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from 1946 to 1951, obtaining the de- 
gree of MSc in surgery from the Uni- 
versity of Minnesota in 1951. He was 
certified by the American Board of Sur- 
gery in 1952 and became a Fellow of 
the American College of Surgeons in 
1954. In 1952, he joined the Depart- 
ment of Surgery of the School of Medi- 
cine of the University of Puerto Rico as 


assistant professor of surgery and was 


appointed head of the department of 
surgery in 1961. 

Dr. Raffucci was consultant in sur- 
gery to the San Juan City Hospital, the 
San Juan Veterans Administration Hos- 
pital and other important hospitals in 
Puerto Rico. He was a member of 
several distinguished professional so- 
cieties, including the Puerto Medical As- 
sociation, the American Medical Asso- 
ciation, the Association of American 
Medical Colleges, the New York Acad- 
emy of Sciences, the American Associa- 
tion for the Advancement of Science, 
the International Society of Surgery and 
the American Society of Thoracic Sur- 
geons. He was selected to the American 
Surgical Society in 1966 in recognition 
of his outstanding contribution as a 
leader and investigator in cardiovascu- 
lar surgery. He was elected a Fellow of 
the American College of Cardiology in 
1968. 

The members of the Puerto Rico 
chapter of the American College of Car- 
diology regret the passing of this dis- 
tinguished Fellow of the College and 
most appreciated friend. 

ELI A. RAMIREZ, MD 
ACC Governor for Puerto Rico 


VIRGINIUS D. MATTIA, MD, FACC, died 
on July 4, 1971 at the age of 48. A 
graduate of Rutgers University and the 
New York Medical College, Dr. Mattia 
interned and served as associate at- 
tending in cardiology at the St. Barna- 
bas Medical Center in Newark. He was 
also chief of investigative medicine at 
the Clara Maas Medical Center, Belle- 
ville, N. J. Dr. Mattia's principal interest 
was in the pharmaceutical industry. 
From 1953 to 1956 he served as the 
associate editor for the Merck Manual 





Virginius D. Mattia, MD, FACC 


and as manager of the medical litera- 
ture department for Merck and Com- 
pany. In 1957 he joined Hoffmann La- 
Roche as director of medical informa- 
tion. After a series of promotions, he 
became president and chief executive 
officer in January 1966. Under his lead- 
ership, his company achieved unpar- 
alleled scientific and commercial suc- 
cess. In spite of his heavy responsibili- 
ties, he served as president of the New 
Jersey College Fund Association, chair- 
man of the Rutgers Medical School Ad- 
visory Commitee and trustee to Rut- 
gers University. He was a participating 
member of many scientific and medical 
associations besides the College. He 
served as president of the Essex Co. 
(N. J.) Heart Association from 1961 to 
1963. His commitment to science was 
evidenced by the support his company 
provided to many basic and clinical 
projects throughout the United States 
and the development of the Roche In- 
stitute for Molecular Biology in Nutley. 
| had the privilege of working in the en- 
vironment he created. 

Dr. Mattia is survived by his widow, 
Alice Ann Mattia; his four children, 
Peter, Gail, Mark and Barney; his 
mother, Mrs. V. D. Mattia, Sr.; and his 
sister Mrs. Kenneth Rosa. 

WILLIAM B. ABRAMS, MD, FACC 
ACC Governor for New Jersey 
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Edited by Lawrence E. Meltzer, M.D. and J. Roderick Kitchell, M.D. 
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A COMPREHENSIVE NEW DEFINITIONS AND DIAGNOSTIC CRITERIA OF VARIOUS FORMS 
OF HEART BLOCK 
DISCUSSION, INCLUDING CON- WHEN IS TEMPORARY PACING INDICATED AND WHEN IS IT AN 
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THE EMERGENCY TREATMENT OF PACEMAKER MALFUNCTION 
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picture of an angina patient > 
not having an attack 


Would he be having one now if he 
weren t on ISORDIL? Impossible to say. 


But most patients on ISORDIL TEMBIDS 


have fewer and milder angina attacks. 
Thats saying a great deal. 


ISORDIL TEMBIDS 


^ (ISOSORBIDE DINITRATE) 


SUSTAINED ACTION CAPSULES, 40 mg. 














For brief summary, please see facing page. 











ISORDIL TEMBIDS 


(ISOSORBIDE DINITRATE) 
SUSTAINED ACTION CAPSULES, 40 mg. 


Convenient, sustained prophylaxis. A single 
ISORDIL TEMBIDS CAPSULE helps protect 
against angina episodes for up to 10 hours. 
One in the morning, one at bedtime for day and 
night protection. 


Also available: ISORDIL TEMBIDS TABLETS, 
Sustained Action Tablets, 40 mg. 


Indications: For relief of angina pectoris (pain 
of coronary artery disease); the oral dos- 
age forms are not intended to abort the acute 
anginal episode, but are widely regarded as 
useful in the prophylactic treatment of angina 
pectoris. 


Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Intraocular pressure is increased; 
therefore, caution is required in administering 
to patients with glaucoma. Tolerance to this 
drug and cross-tolerance to other nitrites and 
nitrates may occur. In patients with functional 
or organic gastrointestinal hypermotility or 
malabsorption syndrome, it is suggested that 
either the ISORDIL (isosorbide dinitrate) 5 mg. 
or 10 mg. Oral tablets or ISORDIL 2.5 mg. or 
5 mg. Sublingual tablets be the preferred ther- 
apy. The reason for this is that a few patients 
have reported passing partially dissolved 
ISORDIL TEMBIDS tablets in their stools. This 
phenomenon is believed to be on the basis of 
physiologic variability and to reflect rapid gas- 
trointestinal transit of the sustained action 
tablet. TEMBIDS SHOULD NOT BE CHEWED. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 

Consult direction circular before prescribing. 
May we send you reprints, detailed information 
and/or professional samples? 

TEMBIDS@—TRADEMARK FOR SUSTAINEDACTION TABLETSANDCAPSULES 
IVES LABORATORIES INC. 

685 Third Avenue, New York, N.Y. 10017 
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Group Travel Plan 


AMERICAN COLLEGE 
OF CARDIOLOGY 


and 


AMERICAN HEART 
ASSOCIATION 


to attend 


THE FIFTH ASIAN-PACIFIC 


CONGRESS OF CARDIOLOGY 


OCTOBER 1972 
SINGAPORE 


Via w NORTHWEST ORIENT 


Tour #1 


“Jour of “The Oricat 


SF 


-_ 


SINGAPORE - THAILAND - HONG KONG 


Tour #2 


South Pacific Toar 


JAPAN - SINGAPORE - AUSTRALIA 
NEW ZEALAND . FIJI - TAHITI 


Tour #3 


JAPAN - HAWAII 


renound “She World Toar 


HAWAII - JAPAN - HONG KONG 
SINGAPORE - THAILAND - INDIA 


IRAN - TURKEY - GREECE 


For further information write to: 


AMERICAN COLLEGE OF CARDIOLOGY 


9650 ROCKVILLE PIKE 
BETHESDA, MD. 20014 
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hypothyroidism in 
cardiac patients wh 


cannot tolerate 


other types of 


thyroid medication: 





Choloxim 





sodium dextrothyroxine) sun 


INDICATIONS: THIS IS NOT AN INNOCUOUS DRUG. STRICT ATTENTION SHOULD 
BE PAID TO THE INDICATIONS AND CONTRAINDICATIONS. Indicated for treatment 
of hypercholesterolemia in euthyroid patients with no known evidence of organic heart 
disease. Also indicated for treatment of hypothyroidism in patients with cardiac disease 
who cannot tolerate other types of thyroid medication. 

CONTRAINDICATIONS IN EUTHYROID PATIENTS: 1) Known organic heart disease, 
including angina pectoris; history of myocardial infarction; cardiac arrhythmia or tachy- 
cardia, either active or in patients with demonstrated propensity for arrhythmias; rheuma- 
tic heart disease; history of congestive heart failure; and decompensated or borderline 
compensated cardiac status. 2) Hypertensive states (other than mild, labile systolic 
hypertension). 3) Advanced liver or kidney disease. 4) Pregnancy. 5) Nursing mothers. 
6) History of iodism. 

A relative contraindication is impaired liver or kidney function; when either or both 
are present, the advantages of sodium dextrothyroxine therapy must be weighed against 
the possibility of deleterious results. 

WARNINGS: BECAUSE THE EFFECTS OF ANTICOAGULANTS MAY BE POTEN- 
TIATED, REDUCE DOSAGE OF ANTICOAGULANTS BY ONE-THIRD ON INITIATION 
OF THERAPY AND READJUST AS NECESSARY ON THE BASIS OF WEEKLY TESTS 
OF PROTHROMBIN TIME. CONCENTRATION OF FACTORS VII, VIII, IX, AND PLATE- 
LET ACTIVITY SHOULD ALSO BE MONITORED, SINCE THESE FACTORS MAY BE 
DECREASED. CONSIDER WITHDRAWAL OF CHOLOXIN 2 WEEKS BEFORE SURGERY 
IF USE OF ANTICOAGULANTS IS CONTEMPLATED. 


Careful consideration of dosage schedule in hypothyroid patients with cardiac disease 


is required, and the drug should be withdrawn or dosage reduced if aggravation of angina, 
increased myocardial ischemia, cardiac failure, or clinically significant arrhythmia 
develops. Hypothyroid patients are more sensitive than euthyroid patients, especially 
if treated concomitantly with other thyroid preparations. Special consideration must be 


given to the dosage of the hypothyroid patient. 

Thyroid preparations may enhance the effects of epinephrine injections, predisposing 
to arrhythmias or coronary insufficiency. Drug withdrawal or careful observation of 
patients receiving such injections is recommended, especially before elective surgery. 
In diabetic patients, increased blood sugar levels may be observed, requiring upward 
adjustment of antidiabetic drug dosage, and subsequent readjustment if dextrothyroxine 
is later withdrawn. 

USAGE IN WOMEN OF CHILDBEARING AGE: Women of childbearing age with familial 
hypercholesterolemia or hyperlipemia should not be deprived of the use of this drug; it 
can be given to those patients exercising strict birth control procedures. Since pregnancy 
may occur despite the use of birth control procedures, administration of Choloxin to 
women of this age group should be undertaken only after weighing the possible risk to the 
fetus against the possible benefits to the mother. Teratogenic studies in two animal 
species have resulted in no abnormalities in the offspring. 

PRECAUTIONS: Unusually high PBI values are common in treated patients and are not 
evidence of hypermetabolism. In children, use only when a significant cholesterol- 
lowering effect is observed. Withdrawal is indicated if iodism or new cardiac signs 
or symptoms develop. 


FLINT LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES, INC. 
Morton Grove, Illinois 60053 
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ADVERSE REACTIONS: For the most part due to increased metabolism and thus more 
common in the hypothyroid patient, especially the hypothyroid cardiac. Cardiac changes 
have rarely been precipitated in non-cardiac patients: Angina pectoris (0.2% incidence), 
arrhythmia (0.5%), myocardial ischemia (<0.1%), cardiomegaly (<0.1%), fatal and non- 
fatal myocardial infarctions (—0.296): Insomnia, nervousness, palpitations, tremors, 
weight loss, lid lag, sweating, flushing, hyperthermia, hair loss, changes in bowel habits, 
diuresis, and menstrual irregularities may also be related to the metabolic action. A few 
patients developed itching and skin rashes, apparently from iodism. 

Dyspepsia, nausea and vomiting, and changes in appetite occurred in less than 196. 
Headache, changes in libido, hoarseness, tinnitus, dizziness, peripheral edema, malaise, 
tiredness, visual disturbances, psychic changes, paresthesia, muscle pain and bizarre 
complaints were reported in less than 1% of treated patients. Gallstones were newly 
discovered in 13 patients, and cholestatic jaundice in one, although relationship to drug 
therapy was not established. In a total of 19 patients, pre-existing peripheral vascular 
disease, exophthalmos, retinopathy, and disturbed sensorium continued to worsen. 
Cerebrovascular accidents, thrombophlebitis, and G.I, hemorrhages each occurred in less 
than 1% of patients, but there appears to be no relationship to dextrothyroxine therapy. 

In the nearly 3,000 patients studied, the withdrawal rate was less than 3%. 

DOSAGE RECOMMENDATIONS: For adult hypercholesterolemic patients, the recom- 
mended maintenance dose of Choloxin is 4.0 to 8.0 mg. per day. The initial daily dose 
should be 1.0 to 2.0 mg. to be increased in 1.0 or 2.0 mg. increments at intervals of not 
less than one month to a maximum level of 6.0 to 8.0 mg. daily, if that dosage level is 
indicated to effect the desired lowering of serum cholesterol. W!.en used as partial or 
complete substitution therapy for levothyroxine in hypothyroid patients, the more 
conservative dosage schedule is recommended. 

For pediatric hypercholesterolemic patients, the recommended maintenance dose of 
Choloxin is approximately 0.1 mg./kg. The initial daily dosage should be approximately 
0.05 mg./kg., to be increased in 0.05 mg./kg. increments at monthly intervals. The recom- 
mended maximal dose is 4.0 mg. daily, if that dosage level is indicated to effect the desired 
lowering of serum cholesterol. 

If new signs or symptoms of cardiac disease develop during the treatment period, the 
drug should be withdrawn. 

HOW SUPPLIED: Choloxin brand of sodium dextrothyroxine is supplied in prescription 
packages of 30 and 100 scored, 2 mg. (yellow) and 4 mg. (white) tablets. 





An Important Note: It has not been established whether 
drug-induced lowering of serum cholesterol or other lipid 
levels has a detrimental, a beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
investigations can yield an answer to this question. 
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the population. For each type 
of cardiovascular disease, they 
analyze the quantitative data on 
incidence, prevalence, and 
levels and time trends of mor- 
tality and on the demographic 
characteristics of persons af- 
fected. Areas for further re- 
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ts name? Undetected heart disease. 


‘his killer often strikes without 
rarning. Result? Countless cost 
-not only in human lives but in 
lanpower; in plant efficiency; in 
eplacement and retraining; in 
surance and compensation. 

The statistics are startling: 1 
ut of every 10 (some authorities 
ay 1 out of 5) people in your 
mploy have heart disease — and 
on't know it. Up to now there has 
een no way to screen these poten- 
al heart-attack victims with 
yeed, accuracy, at small cost — 
ad by non-medical personnel. 
That is the great achievement 
: the ElectroCardioAnalyzer™ 
CG screening unit. It isa unique, 
rtable, computerized instru- 
ent that has been evaluated by 
ading cardiologists. It analyzes 
istantly the electrocardiographic 
gnal direct from the individual 
ing checked. It differentiates 


between the normal and suspect 
ECG pattern. And it’s all auto- 
matic. All data is analyzed within 
the unit and displayed in real time 
on the front panel. There is ní 
need for paper or tape recordings 

It takes 2 minutes or less for 
the ElectroCardioAnalyzer unit to 
screen an adult. And it saves the 
precious time of the physician. 
How can non-medical personnel do 
this? Simple: the operator does 
not interpret. She merely observes 
and records the tell-tale lights 
that flash on the instrument 
panel. And oniy those employees 
who register as suspects are 
referred to the physician for 
further evaluation. 

With all the talk today about 
conserving our national resources 
-how about our human resources? 
How about tracking down this 
hidden killer in your plant? Put 


this "heart detective" on the job. 
And look at it this way: it isn't 
just a matter of good conscience. 
It's a matter of good, conscien- 
tious management. You save lives. 
True. But you also save dollars. 
The price of the ElectroCardio- 
Analyzer instrument is $9,300. 
Available also on lease basis. Don't 
hesitate to call or wire us collect: 
or mail the coupon at A the right. 
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HUMETRICS CORPORATION 

6374 Arizona Circle, Los Angeles, Calif. 

90045. Telephone (213) 641-7555. 

We are interested in your 

ElectroCardioAnalyzer™ unit. 

[] Please send literature 

C] Please arrange, without obligation, 
for a demonstration to our 

[ ] Executive Management 
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[ ] Personnel Director 

[ Labor Relations Director 
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"The drug of choice 
for oral replacement of potassium 
is potassium chloride solution." 





" *AMA Drug Evaluations 1971, 
First Edition, Chicago, 
American Medical Association, p. 121. 
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Kay Ciel Elixir is potassium chloride 
...and it tastes good, too! ! 


Composition: Each 15 cc. (one tablespoonful) contains potassium chloride 1.5 Gm., supplying 20 mEq. of 
elemental potassium, in a cherry-flavored, palatable base, alcohol 476. Contains no sugar. 
Indications: Treatment of potassium deficiency occurring especially during thiazide diuretic or corticosteroid 
therapy, digitalis intoxication, low dietary intake of potassium or as a result of excessive vomiting and diarrhea 
Contraindications: Impaired renal function, untreated Addison's Disease, dehydration, heat cramps, 
and hyperkalemia. 
Precautions: Potassium chloride should be administered with caution and adjusted to the requirements of the 
individual patient, since the amount of deficiency and corresponding daily dose is often not known. Excessive or 
even therapeutic dosages may result in potassium intoxication. Patients should be frequently checked and periodic 
ECG and/or plasma potassium levels made. High plasma concentrations of potassium ion may cause cardiac 
depression, arrhythmias or arrest. Use with caution in patients with cardiac disease. In hypokalemic states, attention 
should be directed toward the correction of the frequently associated hypochloremic alkalosis. 
Side Effects: Vomiting, nausea, abdominal discomfort and diarrhea may occur. Symptoms and signs of potassium 
intoxication include listlessness, mental confusion, paresthesia of the extremities, weakness of the legs, 
flaccid paralysis, fall in blood pressure, cardiac arrhythmias, and heart block. When hyperkalemia exists, it should 
be promptly treated with the discontinuance of potassium administration or other steps to lower serum levels if 
indicated, since sudden shift in plasma levels may induce potentially dangerous cardiac arrhythmias. 
Dosage and Administration: Adults, one tablespoonful (15 cc.) diluted in one glass of water, twice daily after the 
morning and evening meal. Larger doses may be indicated according to the individual patient's requirements 
but should be administered under close supervision due to the possibility of 
potassium intoxication. Patients should be cautioned to follow directions 
explicitly in regard to dilution of Kay Ciel Elixir to prevent gastrointestinal injury. OO e" 
How Supplied: One pint and one gallon bottles. 

Cooper Laboratories, Inc., Wayne, New Jersey 07470 

Ste. Therese, P.Q., Canada 


